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CONGENITAL ABSENCE OF LIMBS IN 
TORTOISES OF THE GENERA 
TRIONYX AND EMYDA 

BY 

S K. DUTTA, M.So., 

Lecturer in Zoology, Allahabad University, Allahabad. 

The Justification for writing this note has arisen front 
the fact that occasional absence of limb in the Gangetic 
tortoises was observed m more than one specimen. Two 
specimens of the genera Tnonyx and Emyda showing sucli 
deformity were obtained during the coarse of the year 
The one, Tnonyx gangeticus Cuv. measured 15'' x 12" and 
lacked the right hind leg, while the other, Emyda granoea 
Schcepff measni'ed fi" X 4" and was devoid of the right fore- 
limb. At the spot where the limb in question should have 
existed there was a dimple in the first and a fold of skin 
in the second tortoise. The two speciinens were entirely 
normal in every other respect. In no case, however, was 
there any hint of a scar, thus showing that the absence of 
the leg may be congenital instead of being due to an accident. 

A deviation from the normal growth of the *psfir®d 
Umb occurs now and again throughout the Vertebrate tsenes, 
as the fol owing brief account wil show 


2 


THE ALLAHAJiAl) LiNlViKhJTi 


F s/te6 In fishes Hora 1921 (ll) has lostn efi 
ouf leiona a stn-e of paired fins in a nnniler of f^<nera A 
speoimeii of Banhub barikf is dosorihecl m wtuoh noth the 
yentral fins were absent. In another speoies B. dogari^inqki 
the ventral fin of tlie left side was absent In XemuchilH^ 
hanjupkfmleuHis the ventral fin of the side was want- 
ing and. the other was ahnonua}. In Hold tiht, the riglit 
pectoral fin was lacking, the musculature was degenerated 
and the shoulder girdle, was abnormal. In all those speci- 
mens of fish the Hmh-abnormalities were congenital defects 
as there was no ti'ace of m.iury. Horn interprets tiiem as 
mutations, ur as due to some arrest in tiic gtowih of the 
oigan. 

Willey, 1920 (21), has referred to the ahHcnoc of the 
ventral fins in a male Anna olava. 

Jean Delphy, 1918 (4), doscribos cases of anomaknis 
pelvic fins in Qottus hahdm. In one there seenmd only 
one fin perhaps due to coalescence of hotli the right and 
the left fins. In another there was a reduction of one fin 
almost to a vanishing point perhaps due to some arrest of 
development at an early stage. 

Eigenmann and (Jox, 1901 (9) and Brmdlay, 1891 (2), 
have given description of abnormal fins in fishes. 

Amph'tUans. — In the Urodcle amphibian .briblynUnm 
fimdatmn'Kiirnsoxi, 1921 (10), has shown experimentally that 
duplex and multiplex appendages frcf[Uontly arise from the 
transplanted hmb buds, 

Banta and G-artner, 1914 (1), have published the results 
of some observations on accessory appendages and other 
abnormalities due to the action of centrifugal force on 
amphibian larva- There was usually only one accessory 
appendage to each animal though as many as four 
Were hoted. The appendages were usually lateral or 
dorsofateral in position They were tail-hke in external 
appearance 
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A^bnorinalitioe m hind imbs of Rana arc descnbed and 
expenmentaUy probable \ariability of the organ reported 
by several notable workers- Reichenow, 1908 (16), reports 
on a number of abnormalities in hind limbs of young frogs 
Buna esGulenta, One had only one hmd leg, another three, 
and a third had four. Woodland (22) has furnished 
descriptions of some similar eases R Uyrina m which a stalk 
bearing a pair of additional limb is attached to the thigh 
of the left leg. The aborted fused thighs of the additional 
pair of legs are represented by a small plate- 

Harold Eow, 1916 (17), describes s case of symmetry 
abnormal feet in R. temporarm which showed an absence 
of the first digit. There is no trace of mutilation, 

Dnrkin, 1910 (6), has made experimental study of limbs 
in frog by extirpating the primordia of the limbs at a very 
early stage in the development of the animal. The amputa- 
tion of one limb rudiment la usually associated with serioua 
malformation in others- He explains the phenomenon as 
due to a very interesting effect on the development of the 
central nervous system brought on by the extirpation of the 
limb bud there being a developmental correlation between 
the nervous system and the peripheral organs. The affected 
nervous system exerts an influence on the other limbs 
causing a defective growth. 

Lissitzky, 1910 (13J, has induced duplicity by cutting the 
primordia of limbs in young tadpole. 

Reptiles. — Buerden, 1922 (5), has observed in the South 
African lizard of the genus Ckammaura that the three 
species show different degree of limb reduction- In 
G. miea both pair of limbs are present but much reduced, 
in C. angmna both pairs are styliform and barely divided 
into two minutely clawed digits, in C- macfolepis tho^fosje-j 
limbs are absent and the two hind limbs are styliform, and 
undivided He does not however tlunk that the three 
species form a senes showing stages m the direction of 
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further reduction of inibe 1 ut i'! of opinion tbit the an age 
or the germinal factor concerned with the limb prodncEion 
is or has been m a highly mutatiyc state, 

^irdb.— Zankewitsch, 1922 (29), has described abnorma- 
lity in a Duck’s wing A wing of .Imis hoschas siiowod on 
the ventral side in the region of carpo-inetaearpus a hint of 
supernumerary limb. The feathering of the snpcniutiterarv 
part, which also bore two claws, inclined to be wing- 
hke. 

In a recent paper iloy, I9dl (Id), has doscrihod hefcero- 
morphosis of the pelvic girdle, the presence of & pair of 
supernumerary hind legs and duplicity of cioacal oponinga 
in a domestic fowl- The pair of additional appendag'os 
were attached to the pygostylc hy a poctiliar conelike modi- 
fication of the fused femur bones. 

In anothei paper the writer m eolhilioration with liov, 
1931 (8), has given au account of tlie arrest in dovolopment 
of the right hind leg in a hen-feathered coede- The right 
femoral bone is ropreaonted as a small nodultj attached to 
the acetabulum by the ligainentum teres. 

Florence Poebic, 1910 (14), has made opeiation on tim 
limb buds of chick. The results mdteapi tiiat i-vhen the 
tip of a young bud is grafted on ihe ftroKiuial portion of 
another limb it becomes a part of the appendage to winch 
it is attached instead of retaining the clmractcr of the part 
it is destined to become. No regeneration of the limbs 
takes place after the removal of the buds.” 

Mammah - — An interesting account of congenital absonec 
of both hind legs in an adult pig is given liy Bumulong, 
192b (20). Carreon, 1919 (3), has reported absence of bind 
legs below femur in a full term pig. He explains the 
gbpo;mality as due to some physioo-cheimcai interfermce 
very.early in the development of the pig. 

SdnrkUam and Haggard 1910 (12) described the 
structure of a three-legged Kitten—t le oft fore-bmb being 
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apparently abeont The limb bad he thinks had 
encountered some obstacle and checked its growth. 

It will be seen from the above that reports on a number 
of abnormalities of the appendages in Yerteb rates have 
been contributed by good many observers, but no account 
seems to be extant in so far as the limb-abnormalities of the 
Chelonia are concerned. The writer therefore takes the 
opportunity of describing the anomalipeds. 

The photograph (Pig. 1) shows the ventral aspect of 
the larger tortoise (Trionyx gangeticus Cav.) without the 
right hmd leg- The plates of the plastron are perfectly 
normal and so are those of the carapace. The plastral callo- 
sities are large and normal. The visceral organs lie in 
proper situation without any trace of abnormality except 
the right leg, which is apparently absent. The muscles 
arc extremely degenerate in the particular region where 
the right leg should have been. The right acetabulum is 
very imperfectly got up and convex- instead of concave, a 
structnre suggestive of developmental arrest of the log 
and subsequent fusion with the girdle. The rest of the 
pelvic girdle is free from deformity. The blood vessels 
and the nerves are on a reduced scale only supplying the 
degenerate muscles and connective tissue of the right leg. 

The younger specimen Emyda granosa Schcepfif (Pigs. 
2 and 3 ) shows outwardly no indication of the existence of the 
right fore leg. The skin covering the spot is folded into 
wrinkles and on dissecting out the animal it was found that 
the muscles and bones of this limb showed great retrogres- 
sion in development. The bony part being reduced to a 
small nodule lay deeply imbedded in the flesh. This piece 
of bone measured O'b''' x 0‘5" and was attached to the right 
glenoid of the pectoral girdle by a ligament. Tfie girdle is 
■well-formed and normal. 

The probable cause of the limb abnormality is ijue to 
some injury to t le anlage or the germina factor concQrned 


b 


'JLJtUS A LJjA±iA,i}AJJ UftlVt,K81-l.¥ sJLUJJIxjO 


With the production of the uii at a vorv ear v stUt^e of 
development. Stockard, J921 (17), Patterson, 1007 1 10) and 
several other observers have found the developmental inter- 
ruption of the organ to exist in many animals ;n <‘onne<.'tion 
with other abnormalities besides the limbs. At a very early 
stage of the development the centra] nervous system pla\s 
a very important role in co-ordinating the dev'elooment of 
limbs and other organs, and any disturbance to the csuitral 
nervous system must necessarily cause serious defects in 
the body-hmlding. Reciprocally, as Durkin has shown, 
that hindering of the development of an organ is followed 
by abnormal development m the whole central nervous 
system and from the alfected nervous systesn an iaHucnre 
is exerted on other parts of the body causing deform icies- 
The disturbance may be brought about by inadequate supply 
of oxygen, food, or it may be caused by external sliock or 
injury- According' to Bantu and Oartner, “the hereditary 
determiners for development work out their destined 
end only when maintained in certain appropriate relation.” 

In the end the writer wishes to o.xprcBs his sincoro 
thanks to Professor D. R. Bhattacliarya for help and cii- 
ticisms. The work was carried out under his di reel ion in 
the Department of Zoology of the Dnivcrsitj of Aiiabubad. 
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THE TRANSFERENCE OF GOLGI BODIES FROM 
THE FOLLICULAR EPITHELIUM TO THE 
EGG IN CERTAIN INDIAN SNAKES 

BY 

KRISHNA BBHARI LAL, M.Sc., 

Zoology Department, University of Allahabad 
(India) 

INTRODUCTION 

My work on the oogenesis of certain Indian snakes 
revealed many points of interest, not the least interesting 
of which has been the phenomenon of the transference of 
Oolgi bodies from the theca and the follicular epithelmm 
cells to the egg. The well-developed Ophidian oocyte has 
a fairly thick layer of peripheral Golgi bodies : such a 
condition, howeverj is not novel and is easily demonstrated 
in the earlier and later stages of most vertebrate and at least 
some invertebrate eggs. The presence of a second type 
of Golgi bodies in the follicle cells and m the outermost 
confines of a fowl’s egg led Brarabell in 1 D24 to express 
the view that a good portion of them is derived from the 
follicular epithelial cells as a result of an inward migration — 
simultaneously with Bhattacharya who observed a similar 
phenomenon in tortoises. Since tiien the latter author and 
his pupils, of whom the present writer is one, have 
examined a large number of vertebrate eggs and regoiied 
the infiltration of Golgi bodies, as they have called ii, m 
tortoises hzards birds fishes and frogs The aim c the 
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pr'i!9ent papei is to add to tho typos m u.acH tl» 
iiifilUatum of (tolg! Oodies from Uu' thoca and fbo foHiouiar 
epithelium oeilf, to the has lieon ohsenad, and ti> 
indicate, so far as possible, the manner and tfm mt^nitionnee 
of the process. 

It is my pleasant duty to record my oblitcaiion to 
Dr* D. H. Ehattacharye, Professor of Zoolog'y in thi*? 
University, to wliofie original idea of Oolgi infiltration the 
dresent paper owe.s its origin, for Ins unfailing eourtes^ in 
help and gnidanoe. 

MATUULA.1. ANJ) TEt^NlQIIK 

Ovaries wore taken and fi^ed from the following hvi' 
types of snakes — Zamenis niiicosns, Pryx eonmns, Tropido" 
notus stolatus, Tropidonotus piseator, (icuigodophis idnicus* 
All possible precautions as recommendeil iiy Oaienhy and 
Cowdry (8) during the period of transference of the ovary 
from the body of the animal to the [i.xatives were taken- 
Of the large number of fixatives wliich were employed 
the folJowing gave good results in showing cdearly the 
egg membranes and demonstrating ti)o (tolgi ixidies in 
various structures : 

(1) DaPano^s Cobalt-Nitrate Method- 

(2) Cajal s Uranuim-Nitrate Method, 

(d) Ludford's latest modification of the 0$nnc Acid 
Method. 

(4) Flemming without Aeutie Acid. 

In the case of (]) and (2), the sections were toned with 
1 per cent Cold chloride, b per cent Hypo and 3 per cent 
Arumonium sulphocyanide. The osmiophiUc intensity of a 
snakp oocyte being nmeii less than is tfio case in tortoises and 
other vertetirate eggs* it was not found neoessary to bleach 
tho-^ggs by Uenneguy^B method 
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EGO MEMBRA^Eb 

The earliest oocytes of the snafces examined are lodged 
in investments of thecal tissue, which unlike their anlage 
in pigeon develop as a single layer and are not divided 
into Theca interna and Theca externa. As the oocyte 
grows, the follicular epithelium is formed as a multi-layered 
structure aud this condition is assumed at an early stage 
of development. The indmduai cells are at first small 
but soon grow into what is usually a middle layer of laige 
oval cells having a nucleus and a prominent nucleolus, 
and a few layers of smaller cells on the inner and outer sides. 
The cells next to the zona radiata are specially small and 
often crowded together- 

In between the follicle ceils and the eggi the only 
structure visible is a narrow faintly striated layer which 
usually does not take much stain and is not quite transparent- 
This, without doubt, corresponds to the zona radiata so well 
developed in tortoises and visible as a single layer in lizards 
and birds. There is, however, no trace of any fibrillm layei 
found in tortoises, nor could any well-formed ‘limiting lueiii- 
brane’ as noticed in other reptiles and birds, be distinctly 
made out. The zona radiata nsually develops at a late 
stage of oocyte growth. 

GOLGI MIGRATION 

In well-developed oocytes of Eryx conicus and 
Tropidonotus stolatus, Golgi bodies are present in the theca 
and in the follicular epithelium in large numbers (Figs. 1 and 
2). In Ludford and P.W-A. preparations they appear as dark 
granules or as crescents. Often many of the granules are 
aggregated together, exactly in the same manner as the/ d't 
in the extreme peripheral region of the egg. The actual trans- 
ference of the Golgi bodies from these layers takes pl' c-e m 
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iBO ated amtg eath mdnidaa ffr mo o working its wa\ in y 
inwards No chains of inigraiing hodics or icgrdar 

passages, such as has hcen n*»iorrod in tortoises 
Ehattacharja (1), or little lumps as was hr'st indicutmi in 
fowl by Brambcll (d), or as {losorihod in lizards and m 
birds by Dattu and Das (d) respcotivoiv, could be ohsened 
m any of the five Ophidian types examined. 

In a well-g'i'own oocyte of Zamenis mueosus, Golgi 
bodies are present in fairly largo ntimbers in the thcica as 
well as ill the follicular epithelium colls, tu the latter the 
dictyosomes often agg‘‘<‘gatc closely around the nuclcu'^ on 
the aide nearest to the zona radiat.u Thence tlicy seem 
to he <*ontinufii)y migrating, in a iitoasured degree 

as it were, to the outm- layer and lirially to tin* corumd 
legion of the egg. These migrating Golgi bodies 

aie commonly seen almost at all plaee.s in a wcdl presen ed 
zona radiata. A very clear instance ol their ''.rosHing the 
last limits of the zona radiata and ahmist stejiping into the 
confines of the egg is shown in Fig. ■wlimh is a Gujul 
preparation of Gongyloplus oocyte. Probably by meie 

coincidence or as a result of rotation the (Jolgi bodies liaie 
come on the innermost area of the zona radiata suiiultane,- 
ously throughout the circumfnrenoe of the egg and are 
caught ID the act of entering it. 

Figure 4 is an earlier stage of the oocyte of 

Tropidonotus piscator. Only one definite layer of follicular 
epithelium cells is prominently seen. A few hmallor cells 
perhaps are also present and the boundaries of the individual 
cells are not very well defined. The zona radiata has 
not yet doveloped. Tiie number of Golgi bodies prosejif in 
the follicle cells is immense and their passage to the 
penphery of the egg wholesale, so mudi so that 
there is hardly any dividing line visible betwotm the 
ooc;[ te and the follicular epithelium, Tho cortical region 
of tl h egg ag we ae the foJ icn ar ce b are thick with Golgi 
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bodies and appear very dark in a DaFano preparation- 
definite method of transference can be made out here, for 
there seems to be none, bat the fact of the transference 
itself is too apparent. A similar stage of Zamenis mnoo- 
sus shows a many-layered follicular epithelium of small cells, 
the zona radiata unformed, but the activity of infiltration 
equally intense. 


DISCUSSION 

The condition of the egg membranes is almost similar to 
that described by Mile. Loyez in ‘Ophidians’ where (l) 
the follicular epithelium is said to contain ‘ small cells which 
can divide mitotically, (2) intermediate cells arise from the 
differentiation of the small cells in the inner layer of the folli- 
cle, (3) large pear-shaped cells result from the develop- 
ment of the intermediate elements ’ The large pear- 
shaped cells are, however, well-marked features of the folli- 
cular epithelium of well advanced oocytes : other smaller cells 
are present m all stages of development and their division 
into smaller and intermediate cells in the form of definite 
layers can hardly be justified. 

The behaviour of the Grolgi bodies with respect to 
their migration is almost similar in all the five types examin- 
ed. In all of them infiltration becomes active and marked 
in certain stages in the development of the oocyte, and the 
onset of the phenomenon is noticed specially in the latei 
stages. An early oocyte even with a well-formed follicular 
epithelium shows hardly any Uolgi bodies in the latter 
structure, much less any signs of infiltration. This seems to 
be directly in contrast with the condition in fowls where 
according to Erambell (6) “ the process of intrusion of 
elements from the follicle ceases at the time wheir tise* 
one-layered follicle becomes many-layered and couime'ices 
to secrete zona stnata 
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The Golgi bodies that pass out froi the fol u t ce s 
dfe faiply large irregular liodies anrl not unoften ti^ o or 
three elements are mextricably fused togethei This is 
specially the case in Eryx conieus and Tropnhmoius srolatus 
where the tendency to aggregate in flush' rs is most luarked. 
It la, therefore, obTions that a zona radiant, witli definite' 
channels and a fibrillar layer witli siiiiilur canalifuli should 
be more a hindrance than help for the passage inwards ot 
these bodies, transmission througli which is only possiltle 
for dust-iike particles 

Unlike the case in fowls the apjicarance of the zona 
radiata does not seem either to commence or hi stop the 
infiltration activity of the follicle cells. Only in the absence of 
this layer the transmission of the Golgi body is more prohik 
and haphazard. Miss Thing (9) has stated that “the structure 
of the zona pellucida/' and this term iochidos zona radiata, 
“presents a condition most favourable for the conveyance of 
nutritive material from the epithelial area in contact wwb 
the maternal capillaries to the aotiyeiy growing and extend- 
ing yolk.” Considering the part played by the zona 
ladiata in the oocytes of snakes, in this connection, it seems 
possible to suggest that tliis layer acts not only as a vehicle 
of Golgi transmission in virtue of tlie inoidenco of its posi- 
tion, but also as an active mcditmi regulating the inflow of 
the Golgi bodies which would otherwise filter down in utter 
disregard of the metabolic needs of the growing egg. For 
after all as Waldeyer, Mile. Ijoycz and others have pointed 
out the transmission of the tlolgi bodies from outside to tho 
egg must have a definite role to play in tho economy of the 
latter body and it is natural to suppose that this process 
should have greater chances of success when the infiow is 
measured and regulated than otherwiae. 

The infiltrating flolgi’ bodies iia\e nothing to 
di/tinguish them either from those elements that are 

the follicle cells or from those found in the oocyte 
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They settle lowc as in other amma s in the cortica 
region which becomes dark and thick being packed fnll 
of them, particularly in DaFauo and Cajal preparations- 
This IS specially the case prior to the formation of the 
siona radiata. After the emergence of this layer the Golgi 
bodies continue to swell, aggregate or even fragment in 
the cortical layer and are gradually used up. 
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BUMM \l{r 

1, In a fnliy grown fH/c;} Ip ihp og'g Su'shIok thp 

theca, OOD'^isfj of (ai u many-l.ijerod foUioulitr ctHifiohusn and a 
ooinparak\ely narrow atrip of koiki raduiia. Th<' lalfi'ir layer 
develops only in the larer >stapt6S 

2. The mfiltiation occurs onlj at certain lute .stagri in tiic 
deveiopmont ot the ooojde. The Goigi Itmlic.s mak'’ their w.i} 
inwurrla, when the zona radiata is present, in the form of isolated, 
though often fairly large and irregular (domonfs In Ihc ahstmoc 
of the non a radwui the infiltration is wholesido and the uinount 
of the Golgi bodies passed is excessive. 

3 No distmotion was observ«>d hotwoen tin* mfjlti.ited (lalgi 
bodies of the follicular cpif helium and those prosiml origmidl} 
in the oocyto. 

4 The tendency of the Golgi bodio® to aggrogatc nloHCiy 
in groups or in patches of dictyosomcs in the periphery of the 
oocyte was equally noticeable m the foUiouiar epithelhun celi, 

5 The remarkable nnanimity of all tins five types of snakes 
examined with lespoot to their egg memljraaes an well as m ihc 
behaviour of their Golgi mflltration tias hcon noticed, 

0, One of the possible functions of the zona radiata lias been 
suggested. 
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EXPLANATION OF THE tXGURBS 

Fig 1 — Golgi bodies present m (he follicular epithelium as well 
as in the oocyte Man> of the mdn idual elements have 
aggregated togethei forming little patclie,s. A distinct 
zona ladiata is pie&ent through which the infiltrating 
Golgi bodies aie seen Erys; comcus LudfordX latest 
osiniG lisation, AUmann stain. , . 

Fig, 2. —Golgi bodies present in the theca, fniliculai cells and, the 
00 yto A tl n ^ona rad ata a v bio wi i s r y grurales 

F B 


18 Jill Afl ^ V \ \ I \ Jl I- 

of C L, L enN r rei fij n 

s<i‘;n'w n ks 1 I 

ii.W.A fi^:aiirjn ( '-i iun. 

Pig 3 — Large [>oar-shapoU fulln'ular c^lls ^^l^h ^niallei (>neH an 
the sides. ..l dislmct /.fma radiata Inlilf i .u irig arf n il \ 
f?low and measured i'hiH-uiiAvn rgg >il Zaiiieiii's ituicosiis 
Lndfciril’s latest osinic hKatinn 

Fig 4. — Pollicnlar epithahum hanl]_\ tiKire tiuiii 'im'-las ei i>d ,\i, 
(raceofssnna ladiata lufiltiaiion hajiha/aul ind t‘\ress- 
ive Tiopidunotus pisealur oneUe L tl'an" livatnin 
8affransn and [jight-fJreen stain 

Phg. 5 — InRltraiin" aidtM(\ at its higlu'st ihoiiuh thr pr''M‘n.’t‘ 
of 7/ona radiata seems to u‘i>ul:ue ttie ptoiM-ss I jji ye 
peai-sluiped colls m the (ontial folhculii hum Vn 
tid\anced egg </! Oongj lotdiis donirus ''apii fisation 
Toned with Gold chloride and H\[)o 
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NOTES ON THE STRUCTURE OF THE GONAD 
AND DEGENERATION OF ONE HIND-LIMB 
IN A HEN-FEATHERED COCK 


BY 

S. K DUTTA, M Sc., 

Lfcturer in Zoologij, Unitei sity of Allahabad 

AND 

G N ROY, M.Sc„ 

Research Scholar. University of Allahabad 

INTRODUCTION 

In a previous paper (16) one of us (G. N. R.) has 
described heteroniorpliosis of the pelvic girdle, the occur- 
rence of a pair of supernumerary pelvic appendages and the 
duplicity of cloacal openings in a domestic fowl. In the 
picsent communication we propose to record the results of 
the histological study of the testes of a hen-feathered cock 
and to describe its defective hind-hnib — a deformity noted, 
N\c bche\e, for the first time 

EXTERNAL CHARACTERS 

The description is based on the observations of a -fow 
possessing only one leg— the left leg, and having feat heif 
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The oly measuren ents are aa fo owa 

Lenglih, ineasuied from the ti[) of tue 

beak to the extremity of the tail - lo inches 

Breadth, round the wing's ... - h inches 

Length of the wing ... ... 9 5 inch c 

Length of the nonnnl leg- .. Id inches 

(measured from the pelvis along the lunder liordei 
up to the tip of the third digit). 

Length of the femur of the left leg ... d inches 

,, ,, Tibio-tarsus . .45 inches 

,, ,, Tarsometatarsus -. 3 inches 

,, ,, 1st digit . . ... *75 inch 

,, ,, ‘2iid digit . .. r4 inches 

,, ,, drd digit .. ... 2 inches 

,, „ 4t]i digit . , 15 inches 

For the prepaiation of the slides of testes, Da Fane’s cobalt 
nitrate forniol was used for fixation and subsequently the 
tissue was impregnated wutli 2 per cent silver nitrate. Sec- 
tions were cut by paraffin method, tonod with gold chlonde 
and stained in iron haunatoxylin and eosin, 

THE STHDCTUBE OF THE TESTES 

The investigations of Benoit, 1921 (l), Eirket, 1914 (4), 
Loisel, 1902 (8), j\Iorgan, 1920 (U), XoniJez, 1920 (12), 
Pe/ard, 1918—22 (15), Shattock and Selig-mann, 1904 (17), 
and others have definitely estahlislied the fact that the 
condition of plumage and the devolopment of the secondaiv 
sexual characters of a fowl are governed by the ini.oi nal 
secretion of its gonads But there still exists diversity H 
opinion as to the particular colls winch pioduce tlie secie- 
iion 111 the organ. Boring and IMorgan (2) iiave shovvn 
that the condition of plumage m cocks of Sehiight hantoin 
breed in which all males arc lii'ii-fcatliercd, is do[>endent 
upon tie I esonce of ce s idontci -wit t c ov i n iv e 
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* of tc t t c J ! 

reyiirdeil lo iolidof rm-: nn' 'Ui tr," ntiiPr 

linnd Foil (‘O liiis it'iiuitn f [Hi: .> in h-'-n tijat 

•* the featliPiii)^ in ilif '' "i IS'*’ i'*’'*-' jio-di' ‘\> li dficuil 
upon tlu' uiuoimi "I '’"in *itn‘f| ui n i* ifimitl 

'‘ifllic !i|i"i'l ('nnt‘‘!li n iiti'.iti'i iK;.!! .1 I <‘f Ui in aiitnuiu, 
sa\ X, tln' i)[uiHa,no ^\|]l la "i il'i- i< 'I'jli* ,i[i<! it tihiii X 

oi till' imtio t^ |K* ! It iIh* [hinii (} fcnLiic tii'* aiip'urit v miji] 

l>o aboM* cv.U'd'tumv wnui'l I U t>' i.di vi 

th(* bli'd \Mnilil hraiiilK* lit t!it‘ iniiiti.X II, all- 

it noulil lu* K .!!!'! wiiiiJii '-iiL'S'l 

fail, it, 4 [ii'tli;i|'4 a Vjir("-!-sci] li\ tli'Miuiit* iuvfWi.ttn iiltnuaLti* 
(if tiu’ '(ipiiii- In lim 'M''* ”1 tbi“ 1<* n-'l-'iit liuiilii I'lid 
(fimiiuu* t'o- k- tlh* fat > till' ( lit liiuuti iMinld ii,‘ slijliitv 
X( Oiisti'iilKin wiiiild i! to t'.id ia iow oi!,! tlio injilt' 

p!ut!ia,nt.' \Miulil ill* ('xhdniotl. {I't'd. I! Ik, Iltit. diiut'is- 

I’Xp litol , X'oi- I, Xo, iPil. 1 '. 11)7 ) 

1 U hi*- <'\U't'^S\ I* SOU’*'' ot lili'lUt'U'-' i’)l tin* Studios Ilf 
^UlUS'ls of till' fo'.S 1. F Xt-llidi*/ fl’j)ii.is |n iutod otit 

tliiit in nio.st lit'ii'li'.ulii I'i d tn.ili.sthi' intt*isuti,i’ oidU I'o- 

(*01116 fiit'liidoii and i!',T(*(’s With thi* h\[ioilM*sts 

bv FoU in 40 fai ns n nssuuu> tbnt tin ti'ioi.iis ,d i-nhv!' 
S(*\ stuiiulnto tin* [irodin-tioii (d ii[i'iiii ioati-nal lu the [dood- 
II(' iviiuuks — ^'’XVltlioiinh tin* |ituldi‘tu iuis not Imon stiilioH*!)!" 
Iv slndiod, tin* A'W idis,>!-\;Hjims 7 .ind i It inddi-iird tints 
far ill {' oonsisti-iit Atth tin* b\ iii.lln sjs, 

XV (* iii't* tuiifldo (o di‘tt‘i!nnir llio lijudd fonioiils in tin* 
blood of tlio bud tii ftiu-sinm, tnit on cart*!!!! litst,di.y:ir at 
fitud\ of tin* t!*sU>s wo liii\(* bi'i'u ablr to asM-rtaiu tin* or- 
ciiri'onu* of jibundiint :ipfu;u-^:itiinis of Ktu,;t*-si/,cd ih1(*i stiual 
(?olls nf the OMU tun ti fio wliich aoi'oubtnj: to Mutoja and 
iJoniiii' (‘oiitroi till* o\|ii'('ssuin t'f h(‘i ondat ). soMini oit.t laolotb 
ancf alsn tlio forniatton ot pbunauo. 

The SemUii ji'} ntis -'VIk* tt*st(‘!' i([jp<-aiod qiitle 

nonn d n I ‘oab’** 't'^*** - oi.j . i,. "b* t”* 




TESneS Oi A llbN lEATHTRH) ( oOk 

cells towaids tlie poriplier}' of ilio tnbu 
mono- these are roundeil ceils with oval nuclei 
itogonui. Traiisitioiiiil stages of the puma 
laiy spermatoeyh'S are not uneumnuni T 
and spermato/oa are vjsiiilo in the com so 
n certain tuhiilos. 
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Text I' tf' ‘f 'rians'C'KO n! Uu* ^Sin'' 

inStjr.sl!U.-iI celU in tin* m't'i t nlitit.ir 
IC— filter, st ii i.il cflls) in liio uiu ilutml.u' H 

itfieliuiii of tho f ufmie 

le (“Vt(ii>iasni is isn«‘h tinuiulur .ukI 'unt.uus n 
(1 apiieai'h ti; {nnfaii! httlc‘ i'lu [n roiiaHj 
vl, liowi'vei, Pi'tif. Morgan iiit'j shosMi fiiaf 
ial tissue js vi’i\ ahunfiiuil in the testes atii 
Is become fat-iadou These fat-'lmbai ceils I 
nttcal with the so-called lutcaiicIK flVail .in 
the ovanaa tj'po oi‘ iutor.stUial ecils (Kt-IL \ 
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others) and are supposed to inhibit cook feathenng. So 
far as the mimite structure of the interstitial cells are 
concerned our observations would substantiate the views of 
Boring and Morgan whose researches have cleared up a 
very intricate problem in endocrinology. 

THE ABHOEMALITY OF THE HIND-LEG 

We have not been able to find any recorded case of 
abnormality of the hind-leg of a fowl except the one recently 
published by one of us (G. N. R.) (16). We take the 
opportunity of describing another in this note. 

Externally there is no indication of the existence of the 
right hind-leg (Fig. 2). The bird hopped with but one leg 
On dissecting the skin the peculiar arrangement of the muscles 
of the right leg showed clearly the defect to be congenital 
and not a case of amputation as we failed to discover any 
scar of healing. All the muscles were degenerate and 
lui^ped one above the other as shown in the figure 4 (MB). 


MP 



Text. Fig 4. Dissection showing the arrangement of museles 
of the right side in the pelvic region 

MP— Muscles piled up one above the other in the pelvic 
region of the ngbt s de 

F i 
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THE AL.LAHAJJAI) LMVhK.‘<IT\ Hriioljjs 


On carefu > reii vinK" * >■ '■'f' 

tiny noduio of Itom; alfout jl'th inoh in UtikI!! 
m breadth atta'^lied to th<‘ ;u*ei,d>tvlutn 5 ll\ 
the ^?il.olc of tho skeieton of ifio rijudit fiinil-hnib. 




. Text Fig. 6. Disseofciou to show the 
hiod-leg— a srniiU pioce of bone attached to Hus aoet. 

EP-Bfceleton of the right lag, th« hoad att 
adetahuluoj 
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The pelvic girdle le expanded and its bony parts are 
perfectly normal The little nodular bone has got a distinct 
head like that of the femur which fits in the right aceta- 
bulum and forms a ball and socket joint. 
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THE AIL\1HBU> f-TLl>U>. 


It has the usual i)indiiit.'‘hKttment-“t[i!' liicuriH'iuuju t^res 
^Pi^^ 6 LT)iusortw3 from tho lU'ud to th<* fuaJu-- aeeJijfiuSuia, 
The other !ip:ajuerits, ri;., tUi* f‘;ni?ular, vsinelf ji'r.i'ips the bruu 
of the aeotahuluni ami ifU’ houil uf the teiauraiul the PuhO' 
femoral, biiulmg the puhis ami tSu^ fatnur, are 'vvautiujx- 



f.k. 7 

Text Iu'k 7, Disiseetioti of tiui artone'! ajul v^etirw af the 
peWio region shrnvxng the narrow euhtjrij yi the right Huiaiio Mvi 
femoral arteries and vein. 

CA. Oaiida) artery, t'MV— ficaiciygio-meanniorio vein. IJV™ 
Caudal vom. 5)AO~.i>orsal aorta. 'tlA- hdonul Iliac utlory. 
nV-~.frdernan!iiU! vwn. IV, Iliac vein, K ‘Kidney. LPA^heift 
femoral artery. JAi’V - Left femoral mho, L>SA Left somtio 
.. ^tery, LBV—lAdfc smusic vem. PMV-hoMtoiior inysimterKi veim 
PTC Post Caval tent. Itl'Jfl— itectum, Portal 

BFA— Right femora! artery, UhV-^-Righi femora! vein. iiBA— 
Rght Bdfttic artory itiiV Right soiatac vem T Teatee. UB~^ 
Ureter YD — Vaa deferens. 
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The blood vessels in the pelvic region show normal 
structure on the left side while on the right they are 
markedly degenerate. The right femoral artery and vein 
(Fig. 7 RFA, RFV) are extremely narrow in calibre with a 
very few minute branches. The same is the case with the 
sciatic artery and the vein. These ramifications supply the 
degenerate muscles of the right leg (MP). 

We wish to acknowledge here our thanks to Professor 
D. E. Bhattacharya for affording the necessary facilities for 
work and for offering helpful criticisms. 
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ON TWO NEW SPECIES OF TREMATODES 
FROM ALLAHABAD 

BY 

K R HARSHE, MSo„ 

Allahabad. TJniversil!^. 

INTRODUCTION 

Daring the period from July to October a large 
number of tortoises and birds a'vailable at Allaluiluui were 
dissected fay me. In this paper I de8<‘nbe two treinatodeg. 
one monostoine of the family Notocotjliche and the othiu' 
djstome belonging to the genus Astiotrema T^oss of the 
family Lepodermatidm Odimer. 

The genus Catatropk Odhner is exelasively parasitic 
in the rectal cgeoa of birds. Hitherto four speo.ies of tfsis 
genus haTe been recorded, two European spociefi, 

C. verrucosa and C. charadni, Skrjabio, one North Ameri- 
can species C. fimlriata and the last C. galUntilac.^ Johnuton 
from Australia. The present paper contains one more 
species obtained from wild duck Dafula anda aada fpintaii), 
a common bird of prey of Northern India. 

Two species of the genus Aslloircnm Loose from IiKlian 
fresh water tortoises have been recently described by Mehra- 
The present paper also contains an account of a new tiiird 
species of this genus from a water tortoise gramm 

different from that of the other Indian species referred to 
above. 

^ The systematic position of the genus Autlolrmu Loess 
has been fully discussed by Mehra in 2^33 (4) i 

32 ^ 
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quite in agreement with the author that the suh-family 
Astiotremanae, Baer should be dropped and the genua be 
referred to the sub-family Lepodp^rmatinue Looss. The work 
was carried out under the supervision of Dr. H. R* Mehra 
to whom I am greatly indebted for his help and guidance. I 
am also indebted to Mr. S. C. Verma, for his assistance. 

ON A NEW SPECIES OF THE GENUS GATATROPIS 
ODHNER BELONGING TO THE FAMILY 
NOTOCOTYLIDAE 
Catatropis orientalis sp. n. 

Numerous specimens referable to a new species of 
Oatidrofis Odhner (Notocotylidse) were found in the anterior 
quarter of the rectal casca of Baiila actda acuia (the pintail 
duck) — a common species of birds of the family Anatidse 
available at Allahabad- Infection appears to be quite 
common. Almost every pintail dissected by me and 
Mr.*S. 0. Verma of the Zoology department was found to be 
infected by a large number of these parasites* The worms 
showed slow movements due to contraction and extension 
of the body. But these movements were not so marked as 
to cause the main excretory canals and the intestinal cteoa 
to undergo similar contractions and extensions as in many 
distomes. 

The worms while attached to the walls of the rectal 
cmcum have a crescent-shaped appearance, being strongly 
curved ventrad. In physiological salt solution they lived 
only for about three and half hours. 

The body is thin and transparent. It is almost oval in 
shape, tapering more towards the anterior end than towards 
the posterior end which is always rounded. The length varies 
from 3’3 to 4*87 mm. and the maximum breadth, wh^h 
lies in the anterior region of the testes from 1*18 to 1*5 mm 
The cuticle is devoid of spines or scales but in the antenoi 
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r 0 gion> up to the posterior marprm of the cirrus sac it boata 
minute spiny indentations ivlnch harilly project from the sur- 
face. The ventral papillae, which a.rc broad at the haae and 
more or less bluntly pointed at tlso free end, occupy the 
entire ventral surface of the body and are arran^ofl in 
legular rows. Besides these papilim there are present the 
ventral glands a 1 ranged in three longitudinal lows hi tween 
the two intestinal cmca. The glands ol tin' inid-vcntral 
rows lie close to one another forming a continuous line 
extending from the anterior sacciiLir part of tlsc i-jrnis sac 
to about the posterior margin of the o\ur\. The other two 
rows, which are ventro-latera! in position arc ccmijtosod of a 
senes of seven or eight groups of glands lying imoo or less 
separate from one another 

The oral sucker is almost tennmal, measuring IVIG to 
0 2 mm. in diameter A pharynx m absent The iosophagns 
is short, measuring OT 6 to 0 32 mm in maximum length. 
The intestinal omca are almost of the same length ; they 
extend nearly to the hinder end of the body exhiiiiting small 
diverticula throughout their lengtli and terminating in a 
rosette-shaped blind end They lie about half wiry betwemi 
the middle line and the body-wall, touching ttm outer limits 
of the uterine loops ; hut near the anterior region of the 
testes they curve inwards so as to occupy a position befcw'oen 
the laterally situated testes and the median ovary. 

The excretory system is typical of Ihs genus. The 
excretory bladder is almost rounded, and opens to the oxterior 
by a dorsally situated pore near iho hinder extixmiity. The 
cavity of the excretory bladder is funnei-Bhaped and its 
inner wall is thrown into six distinct ridges which probably 
control the excretory opening, forming a structure called 
c nppon ’ by Looas. From the excretory bladder two 
lOitm excretory canals are given off ono on each side, which 
run forwards laterally almost parallel to and close outride 
the intestinal caca These canals give off throughout their 



TWO NEW BPECTES OP TREMATODES dO 

couPBe both external and internal short branches which in 
their turn further branch. The external ramifications extend 
to the lateral margins of the body. The main excretoiy 
canals run into each other by a transverse connection at the 
anterior end between the oral sucker and the intestinal 
bifurcation. 

The testes are much lobed measuring 1 '09 mm. in length 
and 0'49 mm. in breadth. They are longer than broad and 
are laterally situated close outside the intestinal caca with 
their long axis straight and parallel to the length of the 
body, unlike the testes of G- galhnulae Johnston, which he 
obliquely. The testes may extend anteriorly a little in the 
vitelline field. The vasa efferentia arise from about the 
middle of the inner margin of the testes The vas deferens 
was not observed on account of the massive vesicnla semi- 
nalis and the uterine coils. The vesicnla seminalis is 
coiled and lies outside the cirrus sac between it and the 
transverse uterine coils. The cirrus sac is median and more 
or less flask-shaped measuring 0*69 mm. in length and 
0'31 mm. in breadth in the middle of its posterior half. The 
common genital opening is median and lies immediately 
behind the intestinal bifurcation. 

The ovary is lobed and median situated in the inter- 
testicular zone. It measures 0*33 to 0‘49 mm. in length 
and 0'28 to 0*33 mm. in maximum breadth. The short wide 
oviduct arises from the anterior border of the ovary and 
takes a somewhat S-shaped course before it enters the slightly 
curved ootype which is surrounded by a fairly large mass of 
shell gland cells The shell gland mass measures 0'23 mm. 
in length and 0 28 to 0'34: mm. in breadth. The 
Laurel’s canal arises from the ootype and opens to the 
exterior by a small median dorsal pore situated about tlie 
level of the posterior margin of the shell gland mass. \ 

The first narrow part of the uterus forms a loop ven- 
trally to the she g and mass and then continues into ^ 
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senes of about t^v6Dty transversely placed wide coiis which 
occupy the entire iiitrac®cal region frooi the anterior enrl of 
the testes to the posterior end of the cirrus sac. The uterine 
coils may overJap to a certain extent the inrestinai eaUM, 

The viteharia, 1-04 to r95 mm. in U-ngth. lie hiierallv 
in the middle third of the bod), ODtnnmncJni^ (rr>4 mm- 
distance behind the cirrus sac at about the levid of i!ic eighth 
uterine coil from the anterior end and terminating at the 
anterior margin of the testes or a little behind it. Itach 
vitelline gland consists of twelve groups of two to foui 
follicles each arranged in grape-like hunches. Tin* trans- 
verse vitelline ducts arise near the hind end of the vjtoi- 
iaria ; they pass between the uterine coils and tlm ovuty 
and overlap the shell gland mass whore tliey unite trt the 
middle to form a conspicuous vitelline reBcrvoir. The eggt» 
measure 0’024 to 0'026 mm by O'OU to O'OId imn, in siw 
and possess at each end a long polar hlanient which m 
thicker at the base. 

The genus has been recorded for the first time in India. 
The present species resembles the A.ustraliun species 
C, gallinulae, Johnston, but differs remarkably from (k ht- 
rucosa commonly found in European birds, in tho presence 
of polar filaments of the eggs. It also roseinbleB ('. //u2- 
hnulcs in the size of its eggs, hut it differs from it in the 
large size of the vesicula seminalis, large size of the testes, 
shape of the ovary, and size and shape of the body. The 
ovary in C. gallinulcB is rounded but it is Jobed in Ci nrien- 
talis. C. onmtahs, however, resembles C. verrmom and 
0. charadm in its general shape and size of the body and 
in the number of uterine loops. But it differs from 
G.churadrii in the ratio of the length to the maximum bresdtli 
d the body which is 3 : 1 as compared to 4 : J in (I tkar- 
afiu ^ It also differs from all the known species mentiuned 
above in the arrangement and number of the ventral glands 
and papiilffi- 
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TabIiE 1 


)?mng the length of the body and of different organ$> 


Length of 
the body 

Length 

of 

Titellaria 

Length 

of 

testes 

Length 

of 

OTary- 

Length 

of 

cirrus si*c 

4 87 mrn. 

j 

1 95 mm 

0 9 mm 

! 

i j 

0 83 mm. ! 

0 93 ram 

3'6 mm 

r04 mm 

1 mtn. 

0‘43 mm. 

0 69 ram. 

3 34 mm. 

1 14 mm. 

0 87 mm. 

0 42 ram 

0 6l mra. 

3 34 aim. 

1 04 mm. 

0 87 mm. 

0*45 mm 

0 6 mm 

3'78 mm. 

1 45 mm. 

0 83 mm 

0‘49 ram. 

061 mm 

4 33 mm. 

1*68 mm. 

1‘08 mm 

0‘45 ram 

0’85 mra. 

3 94 mm 

1*29 mm. 

1 09 mm. 

0 43 ram. 

0 65 ram. 

3 76 mm. 

1 54 mm. 

r08 mm 

0*45 mm, 

0 69 mrn. 

3 6 ram 

1 24 mm 

1 mm 

0*45 mm. 

0 64 mm. 


Showing the breadth of the body and other organs. 


Breadth of the body 
m the antenor 
region, of the testes. 

Breadth of 
the 

testes. 

Breadth of 
the 

OTacy. 

Breadth of 
the 

cirnis sac. 

1*5 mm 

0 44 mm. 

0 28 mm. 

0*21 mm. 

l‘2l mm. 

0*44 mra 

0*29 mm 

0 10 mm 

I 32 mm 

0*44 ram 

0*28 mm 

0 15 mm. 

1’17 mm. 

0 44 mra 

028 mm, i 

0*16 mm. 

r32 mm. 

0 48 mm. 

0 33 mm 

0 21 mm. 

1 2 mm. 

0'49 mm. 

0*28 mra. 

0‘17 mm. 

1 27 mm 

0’43 mra 

0*32 mm. 

0 16 

1 2S ram 

043 mm 

028 mm 

0 18 mm. 
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KHPM BNCaJ^^ 

1. Johnston, i Har 7 e>, 1928- I\e\v [ ro.,iat, d^s fr, -i tie 

AustralidU Watev-IIon Gaii'iiiihi {fHobrfi.sa Hoc. 

S Austral Mub. Adelaide, 4 VJ^K pp 
P’S 39. 

2. Luhe, M, (l909)--'Parai>itioohe Plaiiwiirm<>r !. Tiviti-dosli'b 

Susswaeserfouna Deut&chlandb, IJoit iT 

ON A NEW SPECIES OE ASTLOTNEMA i.SS, 
ASTIOTEEMA-CANCETTCUS, WlTif A KEV 

TO THE SPECIES OF THE CENUS 
AstioU'mm (janqetkHi> up. u- 

Thirteen specimens of this bpeoies were ohtainml iVoni 
the duodenum of JEmyda pnvma, tlu* tortoiao" at 

Allahabad Only one out of four 'was found to ho intortod 
with these parasites and a species of the i^tuiun (J('pkah~ 
gonimxis. 

The distomes were attached to the wall of tlio duodotium 
in the anterior one-third of its entire length, 'fho isarubiteB 
when kept alite in 0‘75 per cent salt solution lisedonlv for 
about forty-eight to fifty hours. 

Thebodyis almost oval or somewhat oil iptimit, moasurin^ 
4 to 6'7 mm. in length wdien fiatiened under the proasuru 
of a cover-glass. The breadth v.triea in dilloront regions 
as will be seen from the Table 2, but the ntaxiimnn lirtvidth 
lies at the anterior region of the anterior tohlis measuring 
21 ram. Both anterior and posterior eTCErcnutieR are aimost 
rounded, specially the latter, which is always hroadei. 
Spines are present only on the ventral surface, whore tlioy 
are arranged in regular transverse ro'ws. The piesence of 
spines only on the ventral suiTace is a characteristic feature 
, pf this species. The suckers are spherical and the ratio in 
thfir size is 4 ■ 5. The ora) sucker lies at tlu* anterior end 
or a little behind it, facing ventrally, and measures 0‘1<S to 
0 28 mm in diameter The ventra sucker la n edian and 
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Bituatod at about half way between th oial sucker and tlie 
middle of the body at about 0'69 to 1'6 mm. di|tanoe from 
the anterior end. It measures 0'26 toO‘37 mm. in diametei 

The escretory bladder is Y-shaped The excretory open- 
ing IS median, situated Yentrally, a little m front of the 
posterior end of the body. The genital opening lies a little 
to the left immediately in front of the ventral sucker and 
much behind the intestinal bifurcation. 

The mouth is terminal or slightly sub-terminal. A 
small pre-pharynx is present. The pharynx is almost 
pear-shaped measuring 0T6 mm. in length and 0'21 mm. 
m maximum breadth about the middle of its length- The 
oesophagus is a straight tube of moderate length and more 
or less uniform breadth, measuring 0 1 to 0'2J mm. in 
length. Only m one apeciinen it measured 0'51 mm. but 
the moreaae in length in this case may be due to much 
flattening on account of the excessive pressure before 
fixation. The intestinal bifurcation lies almost midway 
between the oral and ventral suckers at 0’25 mm. distance 
in front of the anterior margin of the acetabulum. The intes- 
tinal caeca are of unequal length, extending almost up to the 
posterior extremity, the right cmcuiu being slightly longer 
than the left one. The caeca are narrower in the anterior 
half of the body somewhat near the ovary behind which they 
gradually broaden attaining tiieir maximum breadth of 
OT mui. in the region betwmen the anterior and posterior 
testes. Their coarse, for the greater part of their length, 
IB almost straight , but they may have a alight bend towards 
the body-wall in the middle one-third of the body. 

The ovary lies in front of the testes, to the right side 
touching externally or partly covering the right cgecum 
0T6 mm distance behind the posterior margin of the v^en* 
tral sucker. It is almost rounded with entire margin and 
measures 0‘32 to 0'49 mm, in length and 0‘37 mm. m maxi- 
mum breadth m ite middle region The shell gland comp ex 
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oocupieB nearly a median position at about the level of the 
inner margip of the posterior half of the ovary. The recepra- 
culnm seminalis is large and has more or less an elongated 
saccular form, measuring 0'93 mm. in length and 0’29 mm. 
in maximum breadth in its posterior half. Id umst cases it 
occupies an oblique position just behind the ova rv covenng 
dorsaiiy the right intestinal csscum and appi'oa.ching the 
vitellarian follicles of that side- The Ijaurer'e canal is a 
small narrow tube which runs parallel to the antenor half 
of the receptaculnm seminahs and then bends outwards to 
open to the exterior slightly to the left of the !ii id-dorsal 
line a little behind the level of the shell gland mass. 

The testes arc ranch lohed. They are Hitnatod in the 
middle one-third of the body-length. In some speeimims, 
however, the posterior testis may extend a little into the 
posterior third of the body. The anterior testis Hi's a 
little distance behind the ovary to the left side touching the 
inner wall of the left intestinal ccecum. It imaisures 0‘h8 
to 0'93 mm. in length and 0*52 to 0'8 mrn. in maximum 
breadth. The posterior testis is slightly larger allowing the 
same range of variation in size as the anterior testm. I’he 
vasa efterentia arise from the middle of tlm anterior margin 
of the testes and unite to form the vas deferens at the level 
of the middle of the ovary. The vag deferens is of modeiate 
length and runs parallel to the inetraterm. The citrus sac 
has thick muscular walls, measuring i'06 mm. in length and 
0 33 mm. m maximum breadth about the middle of its 
saccular part. It extends far behind the acetsibulum, as far 
back as the middle of the ovary, with its long axis median 
to the right or to the left side of the median lino and paral- 
lel to the length of the body. Its narrow tubular tmninal 
f)art lies dorsaiiy to the right or left side of the ventral 
susker except near the genital opening. 

The utems ia much oonyoluted and both its ascending 
and desconding parts pass between the teatee forming a 
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large convoluted knot in the posterior third of the body. 
The metraterm runs about the median plane of the body 
inwards to the cirrus sac, passing dorsally to the acetabulum 
to open into the genital atcinm. The eggs are oval in shape, 
measuring 0’042 mm. in length and 0‘017 ram. in 
breadth. 

The vitellaria he outside the intestinal cgeca, nearer 
them than the body*wail. The vitellaria corainence 
behind the ventral sucker from about the beginning of the 
second quarter and terminate at about the end of the third 
quarter of the body. Each vitelline gland consists of a large 
number of follicles which lie close to one another in a 
contmnous series, not m definite groups as in other 
species. 

The species is characterised by the elliptical shape of 
the body, presence of spines on the ventral surface only, 
large size of the receptaculum seminahs, the ventral suckei 
being larger than the oral sucker, greater length of the 
intestinal caeca m proportion to the length of the body, the 
vitellarian follicles forming a more or less continuous chain 
and not divided up into separate grape-like bunches, large 
size of the cirrus sac, rounded form of the ovary, and the 
ventral subterminal position of the excretory opening. It, 
however, resembles loossii in the position and form of 
the testes, shape of the cirrus sac, the length of the oesopiia- 
gns and intestinal caeca, elliptical form of the liody and the 
ventral position of the excretory opening 

KEY TO THE SPECIES OF THE GENUS 
A.STIOTRBMA LSS. 

The key to the species of the genus Astiotrema Lss. ag 
given by Mehia is modified here in order to include She 
present species and the emended key is as follows : 

Ovary obed A<^t hossii 

F 6 
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Orary entiro 

(1) Intestinal bifurcation at posterior 

mai'^in of ventral sucker luouHhcUL 

(2) Intestinal bifurcation in front of 

the ventral sucker — 

(a) YiteUaria terininatinf? at nihldle 

of the anterior testis ... .hi. injpfcctani. 

(b) YitelJaria ttM-ininating behind 
the anterior leatia — 

(i) Ora! sucker slightly sioaller 

than the ventrai sucker [pna/Hir.i/s 

^7J, , 1 . 

(ii) Oral sucker slightly htrger 
than the ventral sucker— 

Diameter of suckers —0 25*0*d mm. ; 
testes broader than long — remfrnpif ' ; 
Diameter of suckers — mm ; 
testes longer than broad. — AU~ duiujaiKm. 

Tabub 2 

Showing the breadth of the body in dilferent ir/jiom- 


(A) 


No of 
speo miens 

pr ;«>i 'll ir^ 

At the 
middle 
region 

At ihe diit. j 
margin ol 
ml. te-sli."'. 1 

1 ' i 

At thi' ant, j 

! margin of 

aeotabulum. , 

1 1 

■ 1 

At tim 
tn.irgm uf IJui 
JKlst tl'Slin, 

1 

' 2 mm. 

f 

I ’08 mui. j 

rfi4 mm, j 

r8, ijurn. 

2 

1 9 mm. 

J 8 mm j 

rdn mm. 

1 I'HT mm 

3. 

I'b mm 

i i'S mtti. 1 

i 

) 4.3 »mi ^ 

\ 

1 

4 

1 

1 74 mm. 1 

1 

1 73 mm. 

rb4 mm ; 

j rui mm. 

' i 

2 1 mm. j 

2 rnm. 

1*43 utm, 

1 

1 5)7 nun 

1 

2 08 mm. 

1 

1 208 ram. 

I ‘00 rmii. 

I 90 mra. 

1 

2 nun i 

' 2 mm. i 

I'Oy mill. j 

i 92 mm. 
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(B) 


the end 
itellaiia. 

At the ant. end 
near the ant. 
maigin of the 
oral Ruokei. 

At Ihe post, 
end near the 
exc pore. 

1 

37 ram. 

0'42 mra. , 

0 42 mm. 

35 mm. 

0 43 mm, 

0*68 ram 

38 inin. 

0 -53 ram 

0*64 mra. 

59 mill. 

0 68 mil). 

0*68 mm. 

32 ram. 

0 67 mm. 

l‘Qt> mm. 

32 mm. 

0 10 urn. 

0*74 mm. 

1 

30 mm. 

0 2 miu. 

0'74 mm. 


Table 3 


■'.gth of the body, the length and breadth of 
.I'produGUm and digestive oigans. 


Length of 
Titella- 
ria 

Length of 
oesopha- 
gus 

Length 

of 

pharynx 

Length 
of cirrus 
sao. 

Length 
of ant. 
testis. 

2 54 inm. 

0‘1 ram. 

0 05 mm. 

0 70 mm. 

0 67 ram. 

2'44 mm. 

0*2 mm. 

01 

mm. 

0*88 mm. 

0 64 mm. 

2 36 mm. 

O'l mm 

01 

mm 

1 07 mtn. 

0*66 mm. 

2 54 mm. 


01 

mra. 

0*79 mm. 

0*68 mm. 

2 70 mm 

... 


.. 

... 

0 69 mm. 

3 65 mm. 

1 K « » 



• • > 

% 

0 9.3 'fnm. 


3 61 miD 0 92 tdit 



44 


THE AIEAHABAH CnJITEIlFtTY bTLDIEy 


No. of 
speoi- 
meus 

Length 

I ot post 
lestia. 

Length 

of 

ovary. 

1 

j Breadth 
of the 
oirrud 
safl in the 
amldle 
region 

Breadfh 
of ant. 

! ' 

' I 

1 fOoatUli j Breadth 
of post, j of 

‘ ' ovary. 

j 

' I 

1. 

0'64 mm 

0 3T min 

j 

0 23 min, 

' 

; 0 58 mm. 

i 

0 '14 mm. 1 0‘20 mm 

2 

0*6^ mm. 

0‘37 mm 

1 0 32 tnm j 

' 1 

0 5S mm. 

j 072 mm U20mn\ 

3. 

0'63 mm 

0 82 mm 

0 32 mm I 0 38 mm 

1 0 7l mm. . 0'27 mm. 

4. 

0'90 mm i 
1 

0'4'2 min 


08,4 itiin. 

1 ) 
tt 74 mtn | OhJo mm. 

5 

043 mm 

0 32 mm.j 

032 mm 

008 mm. 

07 i Etnti ! 17)5 mm. 

6. 

i'02 mra 

0 49 tom 1 

- 

0'82 mm. ■ 

1 

H'Ho mm. j fi'.Ci mm 

T 

0’95 mtn 

o 

--r 

3 

• 

0'80 m m. j 

1 

! 077 mtn ' (137 mm. 

1 
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Ventral View of Asiiotrema gangeticus, 

Transverse Section of gangeticus passing through the 
Region of the Ovary, 

-Longitudinal horizontal Section of Ast. gangeticus 

-Digrammatio Sketch of the Female Reproductive Organs 
as Constructed from the Series of Transverse Sections. 

-Sketches Showing the Expansion of the Excretory Bladder 
m Living Oatatropis orientahs^ 

Ventral View of Gaiatropis orientalis Showing the 
General Anatomy. 

Digrammatio View of 0 orientalis Showing the Arrange- 
ment of the Ventral Glands. 

Transverse Section of C. orientalis passing througN the 
Region of Testes. » 

Digrammat o Sketch of the Female Reproductive Organs as 
Constnioted from the Senee of Transverae Sect ons 
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BXPLANiVTI(3N OP LBTfBRfX!, 


Ant. Ts 

... anteriof testis 

0 . s. 

, Cirrus sac. 

ex. B, 

Exoretoiy bladder 

ex, 0 , 

excretory canal 

6X p. 

... exoretory pore. 

G F 

genital pore 

Jnt 0. 

intestinal cfpcum. 

L. c- 

Laurel’-, canal 

Me. 

... naetraferm 

Oes. 

oesophagiKS' 

0 S, 

oral sucker. 

Ov 

ovary. 

Ovi Dt. 

... oviduct 

Ph. 

pharynx 

Post. Ts 

posterior testis 

R.S 

.. raoeptaculura aoininali.s 

S. G. 

... shell gland 

Sp. 

. . ventral spines 

Ts, 

testis 

tit. 

... uterus. 

Vas, df. 

vas deferens 

Yas ef. 

... vas efferens 

V s. 

... ventral sucker. 

vt 

vitellaria. 

Vt. dt. 

.. vitelline duct. 

Vt. R. 

... vitelline le&ervoir. 

V Sem. 

... vesiouia seminiilig. 

Ou. 

... cuticle. 

V. G 

... Ventral gland. 





3N NEW DISTOMATE TREMATODES OF THE 
SUB-FAMiLY TELORCHIINAE (FAMILY 
LEPODERMATIDAE) WITH A SYSTEMATIC 
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M A, BOKHARI. MSc., 
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The distoraes of the suh-fainily Telorchiinee hare 
receiTCd a considerable attention by the Yanous workers on. 
the group m Europe, America, and Australia but we have 
had no account of any Indian species till now. The present 
paper deals with a new genus Paraoe) corehis commonly 
found m a fresli water tortoise Kackuga dhongoka at 
Allahabad and a new species of the genus Cercorclus also 
met with in the same host. 

Perkins in 1928 created two new genera, Lectikopyge 
and Gercolecithos for Opistkioglyphe rastelimn Olsson and 
Cercorohis arrectus Molin respectively including them along 
with Brac.hysawiis and Boltchoi^acr.iis in the suh-family 
Telorchiinee Travassos in 1930 has combined Oplsthlo- 
glyphe and Brachysnccns in the genus Opistkioglyphe, and 
Jbecilhopyge and Doltchosncons in the genus Dohckosaccus, 
thus leducmg the number of these genera from four to twm 
only While wm agree with Travassos in assigning * 
Lecifhopyge rasfelliim to Dolichosaccus, we maintain that 
Opistkioglyphe and Bi achysaccus should be recognised as 
separate genera The genus Opistkioglyphe which has 
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matinse must be assigned to tlie sub-family Teiorchiina} 
as it closely resembles the genera Brat'kifawi-m and 
Bolichosaccus—a, fact which was pointed out before by 
Johnston (1912), Perkins (1928), and Travassos (19H0). 

Stunkard in 1916 combined the genera TrJm-vhis tiviH 
Genorckts in one genus called Telorchis^ but Perkins in 1028 
following the previous workers, -i.e., Looss andLiihe separated 
and recognised them again as separate genera wliie.h he 
defined While we are in agTeement with the latter author 
m this respect, we find that Parawcorc/u:^^ nov gan, 
combines in itself several important features of tiie genera 
CercorcJiis and Telorch^, and also throws some light on 
the relationships of the genera Prot^^nes and Ofirco!c<niho<^. 

The sub-family Telorchiina’ belongs no doubt to the 
family Lepodermatidm as discussed by one. of asm 1931 
The Y-shaped excretory bladder witb a long median stern, 
the cirrus sac with its contained organs, and the position of 
the ovary and that of the genital pore in the Teioiehunm 
are very similar to those of the typical Lepodin'iinitidie , 
but the position of the testes behind the uterus and near 
the hinder end of the body sharply separates this sub-family 
from the other sub-families of the Ijepodermatidse, Though 
m Tdorclm and some species of Opudhiofjii/phfi and 
Poltchosacctis, the testes he mori' forwai'd midway hetwocii 
the genital aperture and tiie posterior end of the body, 
the uterus does not extend behind tiie testes to the hinder 
end as in the other sub-families of the Lepodermatidm. 

The cirrus sac and metraterm are exceedingly long and 
loiled in Cercotohls dhongoMl — a feature which gives 
this species a unique distinction in the Telorcliiinai ; but as 
it resembles in almost all other points the otlmt species of 
the genus Oercorchist the great length of the cirrus sac. 

^ We assign Telorchi$ parms (BrnMn) to Faratslorchin uoy 
sen 
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and metraterm cannot be considered as characters of more 
than specific rank. 


Paracercorchis Pellucidus noy. g*en., nov. sp. 

Out of thirty specimens of Kaelinga dhongoha examined 
during 1930, only two were found to contain within the 
upper part of their small intestine forty mature specimens 
of this parasite. One immature specimen was also obtained 
m 1929 from the same host. 

The distome is blackish in colour in the middle third 
of the body on account of the Yitellana and the innumerable 
eggs contained within the uterus:, but the anterior and the 
posterior regions are greyish white. In entire mounts the 
specimens measure 7'12 mm. in length and J '7 mm. m 
breadth m the region of the ovary and 1*4 ram. in that 
of the anterior testis. The anterior end is bluntly pointed 
and the posterior somewhat rounded. The anterior two- 
third of the body is covered with smal] backwardly pointed 
spines, which are numerous near the anterior end and which 
gradually decrease in number from before backwards till 
they disappear completely near the hinder end of the 
vitellana The oral sucker is slightly larger than the 
ventral sucker measuring 0'28 mm. in diameterj but in the 
immature specimen it is double the size of the ventral 
sucker. The ventral sucker measures 0'27 mm. and is 
situated 2‘0-2‘6 mm, distance behind the anterior end, Le., 
at the end of the first one-quarter body-length. The genital 
opening lies slightly to the left, 0*44 mm. distance in front 
of the ventral sucker. 

The pre-pharynx is absent, the pharynx is globulag 
measuring 0 225 rom. in diameter. The oesophagus la short, 
0*2 mm. in length and bifurcates almost behind the pharynx 
into the wider intestinal caeca which terminate a httle in 
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front of the postenor end Tie cieci nre flomewhat 
swollen at their ends. Their wall is ooinpoRotl of a sine;lG 
layer of columnar epithelium surrounded hy a f;iyor oi 
circular and long-itudinal muflcle hbies. In the iuimatuie 
specimen the pre-pharynx is absent and Ike (psojihag'us is 
longer than that in the mature specimens. 

The testes lie in tandem near the posteiior end of tiie 
body and have a deep notch at their posterior margin i^hich 
gives them the appearance of a niaminalian kidney. TIh' 
posterior testis lies about 1 nini. distance in froni of the 
hinder end and OT mm. distance helund the' anteriot 
testis. Both testes arc broader than long and of almost 
equal size measuring 0‘8 mm. in breadth The ioku oireren- 
tia which could only bo traced m sections ari.se as nunow 
ducts from the anterior surface of the testis, d'he vaa 
deferens after entering tlie cirrus sue swells iij) bi form a 
coiled thin-walled vesieula semmalis. The ciirus sac, 1 imii 
long and 0’3 mm. broad at its posterior end, is cri'seout- 
shaped and has thick walls composed of longitudinal muscle 
fibres. It IS situated to the right side of the ventral sucker 
and partly overlaps it, extending behind as far us the ovary. 
The vesicuIa seminalis as usual is filled with sperms and 
occupies nearly one-third length of the lurrus sue. Its 
terminal tubular part which may be called the duct of tlie 
vesieula semmalis consists of two parts, a jiroximal narrow 
muscular tube of 0 05 mm. length and 0'007 mm. hreudtig 
and distal broader part 0'22 min. long and 0'022 mm. 
broad ; the latter is somewhat coiled and opens by a val* 
vnlar opening into the pars-prostatica. This duct with its 
valvular opening probably controls tlie passage of sjHU'ms 
from the vesicula semmalis into the jmrs-prostatica. The 
nam-prostatica is tubular, measuring 0'35 mm. in length 
and 0*022 mm. in breadth, and is surrounded by the usual 
type of the prostate gland cells. The cirrus is small 
musenkr and knob-hke 
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The rounded ovary, 0*42 mm. in diameter is situated 
immediately behind the cirrus sac, usually touching the 
right intestinal cmcum, at 0*37 mm- distance behind the 
ventral sucker. A short narrow ciliated oviduct, 0"05 mm. 
in length and 0 012 mm. in breadth arises from the iiinei 
margin of the ovary near its posterior end and joins the 
small rather inconspicuous thicb-wallod duct of the recepta- 
culura-semmis to form the ootype, where also the Laurer’s 
canal joins from the opposite side. The receptaculum-semi- 
nis 18 thin’walled and rounded, measuring 0T2 mm. in 
diameter. It lies dorsally m the body and is always filled 
with sperms The Laurer’s canal, 0*175 mm- long and 
0*025 mm. broad, is a thick-walled ciliated duct which 
runs posteriorly to open to the exterior in the mid-dorsal 
line by a minute pore situated close behind the shell-gland- 
mass. Soon after the junction of the Lanrer’s canal with 
the oviduct the ootype turns veatrally to receive a small 
duct from the yolk reservoir and then becomes surrounded 
by the shell-gland-cells before passing into the uterus. The 
shell-gland-oells of the usual type are radially arranged 
around the ootype into which they open by their long 
narrow fibrillar ductules. The uterus arises as a narrow 
tube which turns towards the right side coiling spirally to 
form the right descending uterine coils, The descending 
uterus after reaching the anterior testis turns towards the 
left side to form the similarly coiled ascending uterus, 
which runs forward close inside the left intestinal cfecum. 
Its terminal end becomes less coiled and joins near the 
ventral sucker a short muscular metraterm of 0”8 mm. 
length, which opens into the common genital atrium in front 
of the opening of the cirrus sac. 

The vitellaria lie laterally outside the intestinal cmea 
both commencing the same level, 0*12 mm. distance behind 
the ovary and terminating a short distance in front 
of the anterior testis, but not at the same level tl e eft 
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gland being always lOngcr torminatts lanrc ,.09tenor y 
Each yolk gland consists of a largo natnlior of J'oiliiileg, 
arranged m grapediko bunches of t\\ cncy to thirty each. 
The lobes of the right, usually nmc in number, an* quite 
distinct, but those of the left one, about twelve in numhei, 
show a tendency to merge into each other. The longitu- 
dinal Yitelline ducts lie lu the narrow space between the 
intestinal emea and tlie vitcllaria and unite to foiiti the 
transverse vitelline ducts in level with the smamd iolie of 
vitelJaria. The transverse vitelimc duets run ohlH|uely 
forwards towards the mid-ventral lino and unite to hinn a 
yolk reservoir from which a common vitclliue du£*t runs 
anteriorly to join the ootype m the shcll-glaiid-nmsa. 

The exGietory bladdei is typically h-shapod. The 
long mam stem bifurcates behind the ovary into the two 
cornua, which receive the common collecting ducts 
and their branches from tlio body on each side T’he ova 
measnre 0'0375 mm. by 0*0i7b mm. in sii^o. 

SYSTEMATIC POSITIOK AhlD OlAGKOSlS OF 
PAKAUEIiCOilCHlS 

There is no doubt that Pivt'dcB) is cios^^ly 

related to Gercoychis and X^elon'hns winch we reeognise as 
separate genera, distinguished liurn fumh ofcimr by tltc ei/m 
of the cirius sac and the position of the genital pore, testes 
and the vitellaria. Tiie genus Parmarvorchia resembles 
Cenorclm m the vitelUne glands restricted to the regions 
between the ventral sucker and the testes, larger number 
of follicle groups in the left vitelhno gland, and the tandem 
position of the testes at the hinder end of tiie body but 
differs remarkably m the size of its cirrus sac and the 
metraterm (exceedingly long and coiled in (Jermrcht$), in 
the genital pore situated slightly to the left a short dis- 
tance in front of the ventral suekeiu and the viteikria 
oommencing behind the ovary and not m front of it or in 
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level with it as in CercorcMb^ Paracercorohis differs from 
TdorcJus in the position of the testes, which in the latter 
genus lie midway between the ventral sucker and the 
hinder end. In Telorchis the genital pore lies to the left 
side midway between the ventral sucker and body margin, 
and the vitellana extend behind and over the testes- 
Paracereorchhs resembles the genus Telorchis only in the 
relatively small size of its cirrus sac. It clearly follows 
from the foregoing’pomts that Paracetcorchts deserves the 
rank of a genus and though it combines in itself some of 
the characters of both the genera Geroordm and Telorchs, 
it resembles the former more closely than the latter. 

Diagnosis of the genus Paracercorohis . — With the 
characters of the sub-family. Body smooth or covered with 
spines. Suckers of about equal size. Genital aperture some 
distance in front of the ventral sucker slightly to the left side. 
Testes strictly in tandem, at the posterior end of the body, 
rounded or broader than long and kidney-shaped with a 
notch on their posterior margin. Cirrus sac short extending 
a little distance behind the ventral sucker and situated to the 
right side. Vesicula seminalis coiled and joined by a duct 
to the long para-prostatica. Cirrus small and knob-like. 
Ovary rounded situated in the anterior half of the body 
close behind the cirrus sac to the right side. Receptaculnm 
semiuis and Laurer’s canal present. Uterus inter-csecal with 
descending and ascending uterine coils separated and regu- 
larly arranged in right and left halves of the body. Vitellana 
laterally situated close outside the intestinal ceeca, commencing 
behind the ovary and terminating a little in front of the testes. 

REMAHKS ON THE RELATIONSHIPS OE THE 
VARIOUS GENERA OE THE TELOECHIINAE . • 

We give the following tree indicating the probable 
phytogeny of the genera of the sub-family Te orchnntE ihe 
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genuB DuUchosaccus m which, we inchiJe Leciihopi/ge 
rastellum occupies the liase ol tbis tree on accijunt ot a 
number of primitive features such as (i) the gieat \arialiilitj 
]n the position of the genital pore which though it hos eJobo 
m front of the central sucker in Jtofo'/'iosacrms ranfefliH Smg 
wandered away in the other species of the genus so as to 
lie close behind the intestinal bifurcation. The genital poie 
m the other genera has become fixed cjilu'i- close m front 
of the ventral sucker as in Can'orc/tos ot more in front as 
in Faracercorcim-, or still further fonvai’d as in Frfichijsif'ruh, 
or forward and more lateral as in Froie//n. (a) 'I’he casual 
winding of the uterns into a few coils and its siiuplo 
expansion during its course between the ov'ory and tSm 
testes in DoUehomccus should also be regiirdmi m a 
primitive feature, fin) The enormous dovclopmeut <d‘ the 
viteliana and the scattering of the vitellim^ foiilcles any- 
where m the body that can provide sufficient sjjaee, (jv) lis 
habitat in the gut of Amphibian liosts and its distribution 
in Europe and Australia- 

From Dohchosaeoiis we can derive the genera 
OpstJmgly^he and Brachifsaecus wlucli elogfdv re.siunidi* 
it in many features. In Optyiihif^nhii^hcr Ihe cirrus bUc 
has shifted forwards so ns to ho cIohc in front of the 
ventral sucker except in one species, t r., Opi.'^fkw/Igphe 
hcelks in which it occupies a primitive position adjacent 
to the ventral sneker- The g-onital pore ha.s ahso hbilted 
forwards and occupies a more or less varying position ni 
the different species. The main stem of the excretory 
bladder is short and bifurcates Imhind the testes into 
the two cornua of about the same length as the riuiiti stem 
which we consider a secondary condition chacuctoristic 
of this gems only. 

The genus Brmhyscuxuii should be separated from 
Op'isthoghjph, in which Travassos has included It on account 
of the position of gemta pore near the piarynx, shape 
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and position of the cirrus sac, the ovary being situated some 
distance behind the ventral sucker, the great development 
of the uterus, and the greater length of the main stem 
of the excretory bladder which bifurcates in front of the 
testes and not behind them. BmchysarrAis jummlis Nicoll, 
which resembles O-plstliLoghjfhe rancB in the general shape 
and relative position of its organs probably forms an 
intermediate species between the two genera. 

We accept the genus CercoUcithos Perkins for the 
species Gercorchis erreetns Mohn. It appears that this 
genus occupies an intermediate position between Dolkho- 
sacciis and Telorchis on account of the great development 
of the vitcllaria and their extension behind and over the 
testes and the coiling of the uterus into distinct ascending 
and descending tracts, but it is more piiraitive than 
Telorck'ts on account of the position of its genital pore, 
which lies median immediately in front of the ventral 
sucker. 

As pointed out before the genus Parar, ere orchis stands 
between GercorcMs and Telorchis. Protenes should be con- 
sidered as a specialised off-shoot from Cercm'chis on account 
of the much forward and lateral position of its genital pore. 
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Free shotmng the prol>a/Ie fh jloqeny of the lanqus 
genera of the sub-famihj Tehrchur o- 


Protenes. 


Telotchis 


Cercorcliis. 

Parisoercorctln's. 


Coroo!tiolf’!ia«, 
HraChy>sHCcuf) 
OpiStUlOfjtj, pUfi. 


Doltchosaoous. 


Cercorchis Dhongokii sp. nov. 

Only once duiTiig- 129 two matures specinions were 
obtained from tlie postenor part of tlse small intestmo of 
Kachuga Fhongoha. Of these we posBOSs one in entire 
mount and the other in transverse seetions. 

The body is elonj^ated and has a cimractonstiu sluipe 
with the anterior extremity rounded and mucls broader 
than the posterior one. The length measures ird mm. 
and the maximum breadth VI mm. in the rogion of the 
ventral sucker. The breadth gradually decreases towards 
the posterior end, measuring 1*4 niin. in the region of the 
ovary and 1 mm. in that of the anterior testis. The anterior 
half of the body is covered witii spines, which as usual are 
much more numerooa near the ora sucker In the inuuaturo 
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specimens the spines are very small and hardly visible- The 
oral and ventral suckers are rounded and equal in size 
measuring 0'275 mm- xn diameter- The ventral sucker is 
situated T2 mm. distance behind the anterior end. The 
genital pore lies immediately m front of the ventral sucker, 
i e., 0‘03 mm. distance in front of it. 

The prepharynx is absent- The pharynx is globular 
measuring 0T75 mm. in diameter. The cesophagus is 
absent, but in immature specimens it is fairly conspicuous. 
The intestinal caeca which arise directly from the pharynx 
on account of the absence of the oesophagus, occupy a lateral 
position near the body-wall extending almost to the posterior 
extremity. 

The testes, somewhat rounded in shape, are situated 
close behind each other near the posterior end of the body. 
The anterior testis lies 1*2 mm. distance m front of the 
hinder end and is broader than long m slightly pressed 
specimens. It is slightly smaller than the posterior testis, 
measuring 0’58 mm. in length and 0’75 mm. in maximum 
breadth. The posterior testis measures 0'75 rain, in length 
and 0*69 mm. in maximum breadth. 

The cirrus sac is enormously long, cylindrical and 
coiled in an open spiral, extending from the genital pore to 
the level of the ovary measuring 7 4-6 mm in length and 
0'22 mm. in breadth. It has thick walls composed of a thin 
layer of circular muscle fibres surrounded by a thick lajcr 
of longitudinal muscle fibres The vesicula-seminalis is thin- 
walled and coiled oeenpying the basal portion of the cirrus 
sac of 0*56 mm. length. The pars-prostatioa is long and 
tubular measuring 3'45 mm. in length and OT mm. in 
breadth. It is also coiled due to the shape of the eirrus 
sac in which it is contained- Its wall is composed of an 
epithelial layer, the cells of which are greatly enlarged aiud 
vacuolated by the accumulation of the prostatio secretion 

in them Around the epithe inm t lore is a t iin aver of 
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circular muBcle fibres BurroonJed > i j,}tr tf onf,itudinal 
muscle fibres, lire prostate glaad ceils foi-Tii n birge tuass 
wliicli almost fills the intervening space between the pars- 
prostatica and the cirrus sac* xV.t about the tuiddie of the 
length of the cirrus sac, the paj’s-prostatiea passes into an 
extremely long and sinuous cirrus of ll'-J.') mut. length, 
about the same length as that of the former- The cirrus 
has thick musculai wails composeA of an outer thick bydi 
of longitudinal muscle fibres arranged m imnda surrounding 
an inner layer of circular muscle fibres: it is entircU (Icvoid 
of epithelium and is lined mternuily by the tSiiek cntiele. 
In the retracted condition when it lien contained wtiiun the 
cirrus sac, it is produced into a number of narrow hmgitu- 
dmal outgrowths and is aurroniuhei by a thick mass ol 
fibrous parenchyma which fills the entirtdy mtmwening space 
between it and the cirrus sac. 

The ovary is situated a little in front of (he middle o( 
the body to the right side m level witli the basal mul of the 
cirrus sac It is spherical, but in the flatteneil speeimens it 
appears transversely elongated presoiuing an ovaiish outline, 
measuring 0‘29 mm. in length and O'lhl mm. in breadth. The 
oviduct is ciliated It arises from the inuldle of the [mstcrior 
margin of the ovary , ami after running dorsaHt towards 
the left for a short distance it turns town ids the right side 
to join, the Laurer’s canal and the yolk reservoir 'riu^ re~ 
ceptaculum seniinis is very Binall rather ruiUimMitary ropre- 
senting the internal end of die Laurer’s eanuh 'i’hc l^aurcrs 
canal is slightly coiled a,n(I ciliated : it opens to the exterior 
dorsaliy in the region of the ovary hy a snuili pore lined 
with cuticle. The ootype is suTroiinded hy the radially 
arranged Bhell-glands of the usual shape. The uterus is 
much coiled, overlapping the intestinal meca and nonsist- 
ing of the right descending and the left ascending parts 
which are not easily distinguishable. It joins the long 
mnscnlar metraterm of 5 mm engt i an 1 0 22o mm breadth 
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at about the leyoi of the junction, of the pars-prostatica 
’with the cirrus. The metraterni is coiled lilce the cirrus 
sac and is composed of a thick layer of longitudinal muscle 
fihres, surrounded by an equally thick layer of circular 
muscle fibres. The ova are small measuring 0'0375 mm. 
in length and 0*0175 mm, in breadth. 

The vitellaria lie laterally near the body-wall over- 
lapping dorsally and ventrally the intestinal cspca and 
the lateral extensions of the uterine cods They commence 
1*8 mni. m front of the ovary, i.e., about the middle of the 
distance between the latter and the ventral sucker, at 
about tho junction of the uterus with the inetraterm and 
terminate in front of the testes but not at the same level. 
The left yolk gland is longer and teruunatos ahvays behind 
the JTgbt one. Each vitelline gland is composed of a 
large number of follicles arranged in lobes of 30--50 each, 
which nearly run into each other to give the gland a 
band-shaped appearance. There are twelve such lobes 
in the left gland and nine in the right one. The trans- 
verse vitelline duets arise immediately behind the ovary 
and unite together to form a small vitelline reservoir 
which lies dorsally on the sliell-gland-mass. 

The excretory bladder is Y-shaped ; the long mam 
stem bifurcates immediately behind the o'tary into two 
cornua, which extend as far forwards as the ventral 
sucker. The excretory opening is situated at the binder 
end of the body. 

Diagnosis of C dhongohu .. — Body elongated, spinous, 
broadest anteriorly. G-enital aperture immediately m 
front of the ventral sucker. Suckers equal in size, 
ventral sucker situated at the end of the first one-sixth 
body-length Pre-pharynx and oesophagus absent ; 
intestinal emea terminating near the liinder end. Testes * 
strictly in tandem at the hinder end i anterior testis 
sbghtly ama or than the posterior Girms sac exceeding y 
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long tubular and einuous Metrateni s nnous an 1 exco 1 
mgly long, nearly of the same length as the cirras. Ovary 
situated to the right side in level with the basal end of the 
cirrus sac. Laurer’s canal present ; r<-oe{}tn('uiuiu sewinis 
very small and rudimentary- Vitellana laterally situated near 
the body-wall overlapping the intcstina! ''ioea, eorismencing 
behind the ventral sucker at about the ituddh' of the 
distance between the latter and the ovary, and terminating 
in front of the testes but not at the same level, tlio right 
gland ending in front of the led't. Uterus evttemeli 
coiled overlapping the intestinal caeca. Exeretoiy hludder 
T-shaped, the mam stem bifurcating immodialciv imidiul 
the ovary and the cornua extending ns far as Ihe ventral 
sneker. 
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1 — \'^ 0 titiral view of adult P(rrnci''rc'}t r^nfi ^irlluc/dith 
Fiar. 3 — Ventral view of a youag' Paraoeietn rhi^ idia 

p\g, 3 —Ventral view* of m adult Ccrco^'chis ih/mg-zhit 
4, —Ventral view of a young Ge) corchih dlu.irjid.!^ 
l^ig. 5. — Diagrammatic view of male genetalui of /-*. pHluf uiuti 
Fig. 6 "— Diagramcnatio view of female genotalia nf P pn/hc/'/fi',. 
Pig 7.— Diagrammatic view of femaln genefalia of 0. dhoiitjokn. 
Fig P. — TransverfeB section passing Ihroiigli Ho' roiiion of Pius-pros- 
tatica of C dhonqohii 

Fig 9 — TransA-tii'se seeiion pabsing fhrougli the rcgn .n of oiri us of 
C, dhongohii 
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INTRODUCTION 

Recent work on tiie oogenesis of various animals has 
shown that the part played by the various cytoplasmic in- 
clusions varies iu nature considerably in different organisms. 
So far as the Crustacea are concerned, the only recent 
contributions are those of Harvey on tiie Plymouth shore 
ciab, Carcinus inaenas, and of King on a primitive Isopod, 
Oniscus- The Indian crustaceans have lam totally un- 
explored, and there is, therefore, enough jnstitication for 
undertaking tlie present piece of work 

In Oniscus, King (42) has found that the tlolgi olcments 
form the fatty yolk and that there are no nucleolar extrusions 
nor is there any area which may be considered to be 
homologous with the “ Tolk nucleus of Balhiani.” Proteid 
yolk, on the other hand, was observed to have been formed 
in relation to mitochondria. A peri-nuclear zone of 
mitochondria has been noted and after the formation of tjii^ * 
zone the mitochondria are said to swell up and give rise to 
proteid yolk 

es 



b4 the ALI AHABAH L’SiVJ-Kfili 1 SlUUlr : 

Harvey (36) worked out the cytoplasmic inclusionB with 
special reference to yolk formation in the oogenesis of 
Carcinu.3 and has recorded interesting results. In the 
younger oocytes he could not discern the Yolk nucleus of 
Balbiani ” area. He has come to the conclusion that fattv 
yolk IS formed independently in the cytoplasm and albu- 
minous yolk is produced in relation to Grolgi bodies and 
probably also mitochondria.” 

The results noted above suggested a further examina- 
tion with a view to tlirow more light on the metliod of yolk' 
formation in crabs. This work wa,s also taken up by Kath 
and his collaborators at Lahore but due to paucity of 
material no conclusive results could be recorded. 

MATERIAL ANL TEOHNK^UE 

The specimens were collected near the delta of the 
river Ganges in Calcutta at fortnightly intervals from tlie 
month of September onwards. The female specimens col- 
lected for this work could easily be identified and distin- 
guished from the male ones by the fact that they are of 
smaller siiie and possess a broad abdomen loosely attached 
on the ventral side of the thorax. The male siicciinens, on 
the other hand, are larger in size epd each possesses a 
conical abdomen and clasping organs 

In the month of September, female specimens of 
vaiying sizes were dissected but tlie ovary was so feebly 
developed in this season that even in tlie largest specimens 
nothing but a mass of germinal epithelial cells could be 
obtained in the form of a delicate transparent gland-like 
tissue. This tissue lying just beneath the dorsal carapace 
in the form of two coiled strings across the hepato-pancreas, 
develops gradually into a thicker ramifying mass in the 
specimens obtained during the montha of October and 
November In the early period of the month of October 



CYTOPLASMIC mc IN' THE OOGEn?&13 OF sLYTT A SFRKATA 65 


the ovary is fully packed with just differentiated oog-onial 
stages and a fevr young oocytes By the end of the month 
of October and onwards till December wo could find oocytes 
of various stages. Thus the most fruitful results were 
obtained from the experiments carried on from the month 
of October till the end of January. The ovary during this 
period begins to become mature and in larger specimens 
presents a fully matured reddish pulpy mass occupying a 
large area. 

Small pieces of the ovary were fixed in various kinds 
of fixatives. The duration between the killing of the animal 
and the fixing of the ovary did not exceed a couple of 
minutes and thus all the possibilities of post-mortem changes 
in the tissue were minimised. 

For the dem onstration of the Golgiapparatus, the methods 
used were Da-Fauo’s Cobalt nitrate method, Cajal’s uranium 
technique and Ludford’s latest modification of the Mann- 
Kopsch fixative. The best results were, however, obtained 
by the techniques recommended by Da-Fano and Ludford. 

Ludford’s method proved to be most satisfactory for 
the demonstration of the Colgi apparatus. The material 
was fixed in Ludford’s fi.uid (equal parts of saturated 
corrosive sublimate in salt solution and 1 per cent osmio acid) 
for eighteen hours and after being washed thoroughly for an 
hour with distilled water to remove every trace of corrosive 
sublimate, it was kept for three days in 2 per cent osmio acid 
at 35°-40‘’C. The sections were cut m thmfcuess and the 
subsequent bleaching was eifected by Henneguy’s process, 
by treating the sections with 1 per cent aqueous solution of 
potassium permanganate for 5-10 seconds and then with 
4 per cent solution of Oxalic acid for 1-2 minutes. 

The slides were stained in A^ltmann’s acid fuchsin^ 
tolmdene blue and aurantia. 

In Da Fano's Cobalt nitrate method the material was 
fixed for 20 hours at 20° 2o° C and then kept in a 2 per cent 
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solution of BilYor nitrate for fs ours in order to eiftot proper 
impr^uabon Tie extri si ver yub reduced by the 
methods indicated in the Yade-Mecum (27;. tiections 6^ 
m thickness were cut and the slides were toned hv 2 per cent 
gold chloride and 5 per cent hypo solution. The sections 
were stained either with safranine and light groon or with 
iron alum and iiaematoxylin. 

For mitochondria the best fixati\es wore found to bo 
Champy-Fassonov’s chrome-osmium technique, Kegaud and 
Eegaud-Tupa’s bichromate methods. The material, after 
fixation in Charapy's fiuid, was put in 2 per cent osmic acid 
for post'osmication at 35°C for 5-7 days- Fost-ohroinatisation 
was necessary m case of Regaud’s fixative for 2-3 weeks. 

All the osmic and dichromate preimiations were stained 
by Champy~Kull method, a.//., acid fuch&in, toluidimo blue 
and aurantia. 

For nucleolar extrusions, Bouin’s picro-formoi-aeetic 
acid fixative was used which dissolves out cjtopiasmic in- 
clusions like Grolgi bodies and mitochondria but fixes the 
nucleus and its derivatives. The sections were stained in 
Mann’s methyl-blue-eosine and satisfactory results were 
obtained. 

Pure turpentine free from all traces of acid was used 
in order to dissolve out all free fat if present. The proteid 
yolk bodies winch appear as greyish brown bodies in osmic 
acid do not get dissolved in turpentine even after prolonged 
treatment ; whereas, the fatty yolk bodies readily disappear 
being reduced by turpentine, leaving clear vacuolar areas 
each surrounded by an osmiopMlic rim. 

Centrifuge experiments were also carried out in a dark 
room during the winter months. The material was kept in 
the centrifuge which was rotated at the rate of B,000 
revolutions per minute. This operation was continued for 
three hours and the material was taken out speedily, and 
fixed as usual 
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INIRA-YITAM EXAMINATION 

Iniravitam examination of tissues has been, tried by 
Parat, Gratenby, Mollendorff and others in order to demon- 
strate the disposition and behaviour of the various cyto- 
plasmic inclusions in the fresh material. Various vital 
dyes, Neutral red, Janus green B, Methylene blue, Nile 
blue, Trypan bine, etc., have been recommended to stain 
the various inclusions in the fresh material. Parat 
made use of Neutral red and Janus green B in very dilute 
concentrations to stain the Grolgi bodies and mitochondria 
respectively. 

The stock solution of the Neutral red and Janus green B 
Tvas made according to Bhattacharya and Das’s formula, 
oe., by dissolving T gm. of fresh dye in 50 c-c. of 6/1000 salt 
solution. The stock solution in bottles was then placed in 
an incubator at 88°-f0'’O for 24 hours This solution is 
diluted to bring about a dilution of 1/25000. 

Pieces of ovary were kept in this pmk solution for 
about an hour and examined from time to time under oil 
immersion lens. 

Besides these dyes 2 per cent osmic acid was also used as 
recommended by Gratenby, Bhattacharya, Nath and others 
for the examination of the yolk bodies. The fresh material 
was placed in 2 per cent osmic acid for about half an hour 
and then examined from time to time to note the effects of 
osmic acid on cell organs. 

OBSERVATIONS 
Golgi Apparatus 

In Da-Fano preparations stained with Saf ranine and 
Light green, the Golgi elements appear as black bodies, some 
spherical in shape with a chromophilic rim and a ohromophooic 
centre, and others representing a semilunar appearance — -the 
Golgi crescents or dictyOHoraes In an adyanced oogonium 
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(Fig IP 1) which has apparent y been differentiated out 
from one of the germinal epithelial cells, a few very small 
isolated black bodies (G-b) are visible in the clear cytoplasm. 
During this stage the cytoplasm presents a very clear and 
homogeneous area surrounding the nucleus (X), which itself 
is of a denser structure containing many nucleoli embedded 
in a sort of reticulum. For the sake of comparison and iden- 
tification similar preparations of silver and osmic methods 
were examined and the results verified and confinnod. 
In the early oocytes the differentiation of the Golgi elements 
into a chromophilic rim and a chromophobic area is not 
well marked because of their being of extremely minute 
size ; but in the older oocytes they appear as dictyosomes 
and vacuoles with a dark chromophilic rim and a clear 
chromophobic area. In the early stages the nucleus occupies 
the major portion of the oogonium surrounded by a thin aiea 
of marginal cytoplasm. There are many nucleoli within the 
nucleus at this stage and from the beginning they have a 
tendency to shift themselves to the periphery of the nucleus 

Figs. 2, 3, 8, 9 (Pis. I, 2) represent the early oocyte 
stages. Here the cytoplasm occupies a larger area surround- 
ing the nucleus. The Golgi elements (Gb) increase in 
number and they he closer to each other on one side of the 
nucleus. With the growth of the oocyte (Fig. tO, Ph 2)^ the 
Golgi elements lying closer to each other accumulate m mass- 
formation in a juxta-nuclear position. 

Pigs. 4 and 11 (Pis. 1, 2, T. Nuc.) show the formation 
of the area called the “ Yolk-nucleus of Balbiani.” The 
Golgi bodies (Gb) acquire the usual complex form as a com- 
lact massive structure situated adjacent to the nucleus, //.e., 
n a juxta-nuclear position. The “Yolk-nucleus of Bal- 
iani” has been described by Munson (50), D* Hollander 
v,16) and others. This yolk-nucleus is the homologue of the 
arehoplasmic area as recorded by Gatenby in ‘lis series of 
papers m the Q J M S and by Ludford 45) in Pate a It 
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18 a focus of growth and dispersal so far as Golgi bodies arc 
concerned and takes in stain readily, thus standing out in 
sharp contrast to the cytoplasm of the egg in general. At 
this stage we can notice easily the differentiation of Golgi 
elements into two kinds, (1) those that are spherical, 
(2) those that are crescent-shaped. Both possess a dark 
chromophihc rim and a clear chroraophobic core. In. close 
association with Golgi elements some bigger bodies are 
Tisible which are totally blackened with the reaction of the 
osmic acid probably due to their being fatty in nature. 
These bodies have been identified as fatty yolk bodies. 

For some time this yolk-nucleus of Balbiani persists ou 
one side of the nucleus but gradually the Golgi vesicles and 
dictyosomes begin to get detached from this compact mass and 
migrate into the general cytoplasm. (Figs. 5, 12, 13, Pis- 1,2 ) 
The compact area can still be distinguished from the rest of 
the granular area (Fig. 13, PI* 2). In a full-grown oocyte 
(Figs, 6, 14, Pis. 1 and 2), the yolk-nucleus is completely dis- 
organised and the Golgi elements (Gb) are found scattered 
throughout the cytoplasm. The fatty yolk bodies (Py) 
lying either independently or in close association with the 
Golgi elements are to be seen q^uite distinctly- In Ludford 
preparations some fairly large greyish brown spheres are 
visible- They are the albuminous yolk spheres (Ay). No 
apparent relationship has been observed between the 
Golgi elements and the formation of albuminous yolk. 

Mitochondkia 

The best results were obtained from Regaud’s formol- 
biohromate method followed by a prolonged chromatisation 
for 2-3 weeks, and from Ghampy-Nassonov’s techniques- 
Mitochondria are also visible in Regaud-Tupa preparations. 
Dichromate techniques are exclusively meant for the demons- 
tration of mitochondria whereas Ghampy’s finid may- 
fix the Golgi elements and the associated yolk as we 
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Lq the oopoTUil stages tie mitoehondria granules or 
chondriOiuB (J5d^ (hig* 15^ are in the £orrn o£ 

a feiY dusty particles stained faintly 'with acid fuchsin In 
the early oocytes (Figs, 16, 17, PJ. 5) the mitochondm 
come closer together adjacent to the nucleus and form, alike 
Grolg! elements, a complex jnxta-nuciear cap-Uke inyest- 
nient, the so-called “Yolk-nucleua of Balbiand'; (Y.-Nuc.) 
(Figs. 18 and 25, Pi. .8 ) This Yolk-nucleus area, in our opinion, 
functions as a centre of growth and dispersal for both (lolgi 
bodies and mitochondria- This area may be regarded as the 
seat of intense cytopiasmic activity at a particular stage of 
development. 

This heavily stained area gradually enlarges so as to 
surround the nucleus forming a perinuclear zone containing 
dusty mitochondria stained pink in acid fuchain (Fig 21, 
PI 3). Figs 23 and 27 (PI. 3) represent fully developed 
oocytes where the mitochondrial granules have dispersed 
throughout the cytoplasm, and amongst these mitochondrial 
granules are found some big spheres stained cherry-red 
with acid fuchsim These are the albuminous yolk bodies 
(Ay). These bodies are visible oven in very early oocytes. 

In spite of keeping the material for poat-oliromatisation 
after Regand’s bichromate technique (Bulliard’a method— 
10a) for a period of more than a month, we observed no fila- 
mentor structures which could be identified as mitochondria. 

It is a noteworthy fact that mifeoGhondria remain very 
fine and dusty and the grannies have not been observed at 
any stage to swell up or enlarge or take any part in the 
formation of yolk bodies. 

YtraLsoLA® Extrusions 

Q 

The material was fixed in Bouiu’s picroformol-acetic 
acid fluid, so that the two important induaions^ the mito- 
chondria and Q-o gi bodies were dmeo ved out The staining 
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was dono I y Mann a methyl bine eosm and very clear 
nucleolar extrusions were noticed lying outside the nucleus 
in a similar way as observed by ifath in Lithobius, Grosso- 
pnza, Scorpions, etc., Ludford in Patella, Grresson in 
Tenthredinidae, Harvey in Oarcmus, and Gatenby in 
SaccocirruB. 

Fig. 28 (Pi. 4) represents an early oocyte. The nucleus 
(N) is a large ovoid body occupying a large space in the 
oocyte, containing many small rounded nucleoli (Nu), baso- 
philic in consistency (staining deep purple with Mann’s 
uiethyl-blue-eosin and deep blue with haeniatoxylm). These 
nucleoli are embedded in the reticulum of the nucieolympli 
and the cytoplasm presents a clear, homogeneous area. In 
later stages (Figs. 29, 30, PL 4), one of the nucleoli grows 
in size and is converted into a prominent basophil nucleolus 
(B. Hu), whereas the other nucleoli have a tendency to 
move towards the periphery and plaster themselves around the 
nuclear membrane which looks like a beaded ring As the 
oocyte grows in size (Fig. 30, PI. 4), the peripheral nucleoli 
have a tendency to come out of the nuclear membrane into 
the cytoplasm in the form of granular extrusions. In the 
meantime the basophil nucleolus becomes a very prominent 
body. It becomes larger and buds off deeply staining 
basophil bodies which pass out into the cytoplasm through 
the nuclear membrane (Figs. 29, 30, 31, PL 4). Figs. 29 
and 30 represent oocytes in which a few grannies budded 
off by the nucleolus, come out of the nuclear membrane, 
while others are still sticking to the membrane. Fig, 31 
(PL 4J represents a later stage when the nucleolar extrusions 
have dispersed fairly evenly throughout the eytoplasin. It is 
to be noticed in these cases that the nucleolar emissions 
(N.E.) scattered in the cytoplasm are stained lightly with 
Mann’s methyl-blue-eosin and are basophilic in the begin- 
ning but become acidophil bodies when scattered in the 
cytop asm and ultimate y disorganize due to fragmentation 
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This change in the behayionr of the nucleolar extrusions 
may be noticed earn y by the stainmg reactions of Mann s 
methyl-blne-eosin. Probably the nucleoius during the 
period of its marked activity transforms itself into an 
amphophil body (A.hTu) containing round basophil bodies 
inside a lighter acidophil ground substance as observed by 
Nath in Buthus judaicus (57). 

It IS remarkable that the basophil nucleolus which 
persists even in older oocytes, occasionally, has a tendency 
to come out of the nuclear membrane as a whole into the 
cytoplasm (Fig. 37, PI. 5). But, during this process no 
rupture of the nuclear wall has been observed. Probably 
m the cytoplasm also, it buds off some granular extrusions 
as observed by Nath (57) in Euscorpius napoli and Buthus 
judaicus. This shifting of the nucleolus as a whole from 
the nucleolymph to the cytoplasm (Figs. 37 and 38, PI, 5) 
has been recorded by Nath (57) in scorpions and by 
Henneguy in vertebrates. These nucleolar extrusions have 
not been observed, howeveis at any stage to be directly 
metamorphosed into albuminous yolk spheres but probably 
they bear their influence in some way towards yolk- 
formation. 


The Formation op Yolk I-Iodies 

Two kinds of yolk bodies are easily distinguishable — ■ 
the fatty yolk, and the albuminous yolk. The fatty yolk 
appears to arise through the intervention of Oolgi bodies 
directly. In Da-Fano preparations there is very little 
possibility of the fat being fixed and the fatty yolk bodies 
appear as clear vacuolar spheres each in association with 
a Golgi element Figs. 32, 33 and 34 (PJ. 4) represent 
odeytes at various stages of development showing the method 
of fatty yolk- formation. At the early stages of develop- 
ment lusido and around t le yo k nuc eus (Fig 32 P 4) 
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some larger vacuolar bodies begin to appear amongst the 
scattered Golgi vesicles and dictyosomes. 

In Ludford and Cliampy preparations also (Fig. 14, 
PI. 2 and Fig. 35, PI. 4) in close association with Golgi 
elements) larger spheres are visible which, being fatty in 
nature, appear as solid dull black bodies and do not show 
any sharply distinguishable osmiopbilic rim or crescent. 
These spheres are fatty yolk bodies (Fy). To confirm their 
fatty nature, sections were treated with pure turpentine 
for varying periods and then examined under an oil- 
immersion lens. It was noticed that the original solid dull 
black bodies were totally decolourised leaving clear vacuolar 
areas either attached to an osmiopbilic crescent or surround- 
ed by a black rim, thereby proving their fatty constituency. 
The intermediate stages between the transforming Golgi 
bodies to fatty yolk spheres are also found. The Golgi 
elements which are nou-fatty in the beginning) swell up and 
the fat is deposited within their chromophobic area (archo- 
plasmie area). Thus there seems little doubt that these 
fatty yolk bodies are formed directly by the Golgi elements. 
In a well developed oocyte, these fatty yolk discs so formed 
by the metamorphosis of the Golgi elements are seen 
scattered throughout the cytoplasm. 

Albuminous or proteid yolk has been described by 
different cytologists to have originated under the influence 
of either nucleolar extrusions or mitochondria, and sometimes, 
de rtouo, in the cytoplasm and rarely under the influence of 
Golgi bodies. 

Nath (53) and Ludford (45) have observed in many 
invertebrates that nucleolar material from the nucleus 
comes out in the cytoplasm and contributes directly towards 
the formation of deutoplasmic inclusions or vitellogenesis.* 
In early oocytes of Cbampy and Kegaud preparations, 

onally we are able to notice some large bodies which 
appear as greyish brown spheres in osmic preparations and 
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stain cherry rod with tic Ciainpy Knl nethod of staining 
Apparently, there esists no relationship between these yo k 
bodies and any of the cytoplasmic inclusions as detailed 
below. In the fully developed oocytes fixed in Champy- 
Nassonov, Eegaud and Regaud-Tupa, individual !y, (Figs. 23 
and 27, PI. 3) we find a large number of proteid yolk 
spheres fairly large in size which take cherry-red colour 
Vi itli acid fuchsm, scattered throughout the cytoplasm, In 
the unstained preparation of Chanipy-Nassonov technique, 
these bodies appear as greyish brown bodies and even 
after prolonged treatment with pure turpentine these bodies 
haye not been found to be in any way affected but remain 
as such throughout the development of the oocyte (A.Y., 
Fig. 35, PI. 4) Their origin cannot be ascribed to any of 
cytoplasmic inclusions. Golgi elements cannot be said to 
have formed these yolk spheres as there exists no reJation- 
sbip between the Golgi elements and these yolk spheres. 
As regards mitochondria they have, at no stage of develop- 
ment, been observed to swell up to form these bodies. 
Mitochondrial granules always remain very minute, dusty 
and refringent bodies. Isfucleolar extrusions also have 
never been observed to be directly metamorphosed into 
albuminous yolk spheres. Consequently these bodies may 
be looked upon to arise independently in the cytoplasm 
without any direct intervention of Golgi bodies or mito- 
chondria or even nucleolar extrusions. This is how we 
conclude that these are albuminous or proteid yolk bodies 
as distinguished from the fatty yolk spheres. 

Centrifuge Experiments 

Of late the centrifuge experiments have proved 
immensely useful as they enable us to identify the cell 
irgans m separate and distinct layers. Pieces of ovary 
were centrifuged for three hoars at a speed of approximately 
3,000 reTolutions per minute and then quick y transferred 
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to the vanons fixatives. All the neceseary precautioaB 
were taken, to avoid any effects of disintegration in the 
tissue. All these operations were carried out during the 
winter months. Da-Fano and Champy-Nassonov techniques 
gave the most satisfactory results. 

On examination of the material it was found that 
there were three separate and distinct zones formed 
in the mature oocytes. (Fig* 36, PI. 5.) The lower zone 
is a pale brownish dense area fully packed with dusty 
and refringent mitochondrial granules (M) This zone is 
quite conspicuous and occupies about one-fifth of the whole 
oocyte The nucleus (N) lies in the middle with a large 
conspicuous oval plasmosome. The major portion of the 
middle area of the oocyte is fully packed with albuminous 
yolk bodies (A Y.), most of which have thrown out their 
contents during the revolution of the centrifuge machine 
and thereby appear as clear vacuoles. This zone occu” 
pies nearly the whole of the medullary region of the 
oocyte leaving on the upper extremity a small area 
consisting of dictyosoines and Grolgi vesicles (Gb) associated 
with fatty yolk spheres (Fy). Discrete Golgi elements aie 
also noticed to be scattered in the middle and lower zones 
individually as shown in the figure. 

The disposition of the cji;oplasraio inclusions and their 
formed components during the centrifuge experiments 
offer conclusive evidence as to the relations existing between 
them. It may be roughly concluded, therefore, that Golgi 
elements contribute to the formation of fatty yolk and that 
mitochondria do not take any part in vitellogenesis. Proteid 
yolk, on the other hand, arises (h nom in the cytoplasm, 
may be, under the influence of nucleolar extrusions. 

VlTAIi-CoLOUEATION BxPEEIMENTS • * 

The ovary was speedily taken out from the animal and 
transferred immediate y into the physiological ea t so ntion 
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Siflall pieces of the ovary were p ace I in a trough contain 
ing a dilate p ink. so ution of JNeutra rei dye (l/2o 000) 
dilution for 20-45 minutes. The ovary was then teased 
out gently and examined from time to time in a dark room 
under oil-inimersion lens m artificial light {1000 candle 
power). Some of the young oocytes (Pig. 59, Pi. 5), when 
examined carefully, were observed to contain a nucleus 
and a thick granular mass juxta-nuclear in position 
(y. Kuo.) which we identify as the “ Yoik-nuoleus of 
Balbiam’’ which takes the same place m the fixed prepaia- 
tions topographically. 

In more advanced oocytes (Pigs, 40 and 4i. PI. 5), the 
Goigi bodies appear scattered in the general cytoplasm as 
discrete bodies, some vesicular with a ohromophilic lim 
surrounding a chromophobic centre and others as orescent'- 
shaped dictyosomes associated witli an archoplasmic area. 
We get exactly similar bodies m fixed Ba-Fano and Lud- 
ford preparations (Figs. 6 and 14, Pis. 1 and 2). In close 
association with these Crolgi elements wo find some large 
highly refractive vacuoles with a surrounding rim or a 
dictyosome. These are fatty yolk-spheres as ascertained 
by the treatment of the material with 2 per cent osmic 
acid. 

Besides the above two typos of structures, dispersed m 
between the Golgi elements, groups of very small vacuolar 
structures have been oimerved which take a chorry-red 
colour with the dilute pink solution of neutral red. 
These bodies make their appearance after the material has 
been in dilute neutral red dye for about 30-45 minutes. 
These have been identified as “Yacuome” by Gatenby 
(26), Bhattacharya (6), and Daa (15) in other animals- 
^There is apparently some relationship between the Golgi 
elements and the vacuome as it has boon observed that 
round about patches of vacuome. some black dictyosomes 
or Go gi V 661 C es are situated (Figs- 40 and 41 P 5) 
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In a ’well-advanced oocyte (Fig 41, 1). 5) (Vc) as aiany 
as four or live patches of ‘‘ Yacnome ” itave been observed 
Kothing definite has yet been kno’wn regarding the function 
and behaviour of the “ Yacuome ” but it has to be admitted 
that it is a cell structure revealed only in fresh material. 
Fig. 42 represents an oocyte seen after treating the materia! 
with 2 per cent osmic acid for about 10 minutes and Fig. 43 
represents another oocyte of about the same size examined 
after half an hour. The Golgi bodies appear as discrete 
heterogeneous elements, non-fatty in nature as proved b) 
their remaining as refnngent bodies (Gb)- Tiiey are easily 
made out* In association with them some swollen Golgi bodies 
have been found, of a fatty nature, due to the deposition 
of free fat inside the chromophobic or archoplasmic area. 
Fig. 43 shows that the oocyte after having been treated 
for half an hourm 2 per cent osmic acid brings prominently 
mto view swollen up Golgi elements which appear as darker 
spheres. The gradual stages between the developing Golgi 
elements and the formation of fatty yolk spheres are clearly 
noticed and it may evidently be concluded that the Golgi 
elements swell up and give rise to fatty yolk directly. 


DISCUSSION 

Golgi Appakatus 

In considering the role of the Golgi apparatus in ooge- 
nesis we have to take mto consideration all that has been 
discovered conceining its behaviour in the cell. In spite of 
the various differences in the form and behavioui of Golgi 
apparatus and mitochondria as described by Nath (55), 
Bhattacharya (4), Gatenby(2l, 2S), Parat (65, 67), Ludford 
(45b Weigl f78), and otliers, there are some common chared- 
tenstics found in them- They are capable of independent 
movement wit iin t le ce I They grow by assuni ating the 
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necoBsary food eubstanc^e from the cytop asm and inciease 
in nun her prot ably bv bssion 

The exact behaviour of the apparatus as wen as 

that of mitochondria during oogenesis, differs in detail 
in most cases that have been investigated. In she germ 
cells of the vertebrates and invertebrates the apparatus 
consists of separate rods, crescents, rings and sometimes 
granules. These are revealed by silver and osmic tecliniques. 
The differentiation of Golgi elements into a chrornoplnlic 
run and chromophobic area is almost common to all germ 
cells of vertebrates and invertebrates. 

In the animal under investigation the best lesults to 
demonstrate Grolgi apparatus were obtained by Liidford and 
Da-Fano techniques- The impregnation obtained in the 
case of Da-Fano after keeping the material m 2 per cent 
silver nitrate for 48 hours was specific, unlike the observa- 
tion of Harvey who fixed the material for 4-6 iioure only. 

In a well-developed oocyte the Golgi elements exist in 
two forms. The spherical vesicular Dolgi elements with a 
chromophilic rim and chromophobic centre and the semilunar 
forms or dictyosomea enclosing a portion of are.hoplasm. 

Parat (65, 67} has recently emphasised that the Golgi 
elements and the vacuome are homologous. His conclusion 
is based on the assumption that the neutral red staining 
vacuome are Golgi bodies whereas the associated chromophi- 
lic substance is either an artifact or constitutes a special 
kind of mitochondria —the so-caiJed Lepidosoine. 

Decently, Bowen (9) in plant cells, and Gatenby (25) 
in male germ cells have noticed the two above-mentioned 
structures lying separately. Gatenby observed that the 
so-called Golgi bodies of Parat are really vacuolar structures 
associated with crescent-shaped bodies — the dictyosomes. 
Gatenby, further describes the vacuome as an aggregation 
of vacuolar structures which arc supposed to have been 
produced by the chromophi ic rim of the Go gi e ements So 
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the real Bubstance of tho Gholgi element is constitated by the 
ohromophilic rim (the dictyosome) and not by the associated 
yacnole — 'Parat’s Golgi body. 

In the youngest oocyte the Golgi apparatus lies in 
a diffused system consisting of a few granules which stain 
black with silver or osmic acid. The Golgi elements in 
a later stage form a compact mass, justa-nuclear m position, 
the so-called “ Yolk-nncleus of Balbiani.” This structure 
has been described by various authors (50, 3j 15, 10) as 
the centre of growth and dispersal of Golgi elements. 
At this stage when the yolk-nucleus of Eaibiani or 
the idiosome area (Bowen) is established, the Golgi 
bodies appear as discrete spherical and crescent-shaped 
dietyosomes. 

Harvey m Carcinus (36). has failed to discern the 
formation of yolk-nucleua. He says, “ Golgi elements 
increase in number eventually without any dimumtion in 
size and at this period a marked peripheral concentration 
of the Golgi elements becomes apparent.’’ Again he adds, 
“ As the yolk increases the yolk droplets occupy the outer- 
most regions of the cell, until the majority of the Golgi 
elements are eventually crowded into the narrow peri- 
nuclear area In the animal under examination, no 

such perinuclear concentration of the Golgi bodies has been 
observed and also no relationship could be established 
between the yolk bodies (proteidyolk) and the Golgi elements. 
Golgi bodies have been observed to play an important part 
m the formation of fatty yolk, unlike tiie observation of 
Harvey (36) in Carcinus, where the fatty yolk is said to 
be formed from the cytoplasm independently and without 
the aid of any of the cytoplasmic inclusions. The formation 
of the proteid yolk by Golgi elements as observed by 
Harvey, in Carcinus, must be an interesting feature, because 
of its rare occurrence. 
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Mjtochoudkia 

In the oogomal stages mitochonflrial granules aie 
visible \Yith great difficulty. In tlie early oocytes the 
mitochondrial granules, alike Golgi elements, occur in the 
‘ Yolk-nacleus of Balbiani.” Harvey, inCavcinus, found “a 
slight concentration of mitochondria effected in immediate 
neighbourhood of nucleus,” but he ascribes this eoncentia- 
tiOTi to the absence of a large number of mitochondria 
Later on, he observed a perinuclear zone of mitochondria. 
Probably Harvey's slight concentration of the initochondna 
in the miiiiediate neighbourhood of tlie nucleus is the “ Yolk- 
nucleus of Balbiaui ” as described in ihis animal. Harvey 
might have missed the stages of the formation of the yolk- 
nucleua and therefore took into consideiation only tiie 
perinuclear zone of mitochondria. 

It is a remarkable fact that during the oogenesis of 
this animal the mitochondrial granules always remain dusty 
and granular. They have never been oliservod to increase 
much in size. In spite of very careful search these bodies 
have not been observed to take any part in the formation 
of any reserved food substances in the oocytes. Many 
authors have ascribed to raitochondria the formation of 
proteid yolk either directly or indirectly King, in Oniaeus 
(42), records the proteid yolk as being directly formed by 
the swelling up of the mitochondrial granules. In Oarcmus, 
Harvey has observed, “ the albuminous yolk arises in the 
cytoplasm under the influence of Golgi bodies and probably 
mitochondria.” But a careful searcli in this animal, has 
not revealed any relationship between mitochondria and 
albuminous yolk-formation. 

During recent years many cytologists have been able 
to discover the fllarn enter mitochondria in the oocytes of 
many animals, King (41). Hibbard (38). Das (16) 
Bn lard (lOa) and others In spite of post-chromatization 


CYTOPJ TTTC m TfTF OfKJFNEST-^ OF TXA SERRATA 81 


of the raaterial for more tban six weeks no Slamenter 
iPi'toclionclria could bo observed in oiir material. 

We ai'c inclined thus to conclude that mitochondria 
plavs a ratiier inaiguiheant part in the oogenesis of this 
animal. 


Nt^oleouae Extensions 

Recently Harvey in Carcinus (36), has observed a 
process of nucleolar budding and the “ probable emissions 
of nucleolar substance from the nneieus to the cytoplasm. 
We have tried to substantiate the above conclusion by 
carefully -working out the nucleolar behaviour during the 
oogenesis of this animal. Alike the observations of Harvey, 
we find, there are many nucleoli in the beginning but in later 
stages of development one nucleolus becomes prominent and 
gives out the extrusions. In this animal it has been definitely 
obser ved that the nucleolus in the beginning is a basophilic 
stiueture which afterwards turns oxyphilic. 

The change in the staining reactions of the basophilic 
nucleolus into oxyphilic bodies in the cytoplasm has been 
observed by Nath in Culex (59), and more recently m 
Spider (58), and Scorpions (57). In Euscorpins napoli and 
Buthus judaiens, there is copious discharge of prominent 
round and deeply staining basophil bodies from the nucleus 
into the cytoplasm of the egg. “ They are first basophil 
and later become acidophil and ultimately disappear as 
whole bodies.” Gresson (31, 32), working on the oogenesis 
of sawfiies (Tenthredinidae), has observed that in the early 
oocytes of Thrinax macula, the nucleoli are basophilic. 
As the oocytes increase in size the nucleoli develop an 
oxyphilic margin, Avhich later on become rounded off 
and separate from the basophilic body. The basophil , 
nucleolus buds off a number of basophilic extrusions which 
remain embedded in the nncleo’ymph and have not been 
observed to pass out m the cyfcop asm The oxyphi ic part m 
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-ho meantimo undorgoee a period of ichyity anl nnmeroug 
oxyphil buds are liberated ^Inch migrate towards the nuclear 
membrane and eventually pass out into the cytoplasm. 

Ludford in Patella (45, 46), lias also observed a remark- 
able differentiation of the nucleolns into an oxyphil and 
basophil part. He suggests that the oxyphil nucleolus of the 
early oocytes gives rise to a basophil portion and then they 
gradually separate till both of them bud off extrusions of both 
kinds. But in ooplasm only oxyphil bodies have been observ- 
ed whereas the basophil ones remain within the nucleus, 

Wilson points out that the staining reactions of the 
nucleoli often vary materially at different periods in the 
history of the nucleus so tliat the same nucleolus may be at 
one time oxyphilic and at another time basophihe. 

In our material it has been observed that the staining 
reactions of the nucleolus and nucleolar extrusions change 
from basophilic to oxyphilic during tlioir passage from the 
nucleus to the cytoplasm. Occasionally, it has been observ- 
ed in this animal, that the nucleolus as a whole or a major 
part of it comes out from the nucleus to the cytoplasm 
apparently without injuring the nuclear wall. This is, no 
doubt, an interesting phenomenon and has also been observ- 
ed by Hath (57) m Scorpions. Ho sooner, it lies in the 
ooplasm, than the staining reactions are reversed and an 
oxyphilic structure instead of a basophilic one is noticed. 
Frequently, this oxyphil body seems to bud off oxyphil 
extrusions in the cytoplasm. 

Bhattacbarya (3), Hath (53), Hatenby (22), Ludford 
(46) and others working on vertebrates and invertebrates 
have laid stress upon the phenomena of nucleolar extrusions 
and in certain cases have attributed to the nucleolar extru- 
sions the origin of albuminous yolk. It may, therefore, 
be said with, a fair amount of certainty, tliat in many animals 
the nucleolar extrusions take part m the formation of proteid 
yolk either direct y or indirect y 
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In this animal no direct metamorphosis of the extrusions 
into albuminous yolk has been observed. 

Yolk Bomes 

During’ the last few years, opinion seems to be crystal- 
lizing on the fact that there are two types of yolk bodies, 
(i) Fatty yolk, and (li) Albuminous or Proteid yolk. The 
origin of these yolk bodies has been, a subject of much 
controversy among recent workers in Cytology and the 
views upheld by various authors are sometimes contradictory. 
Some ascribe the origin of fatty yolk to de novo forma- 
tion in the cytoplasm There are a few who ascribe the 
formation of fatty yolk to the metamorphosis of mitochondria 
but most of the modern cytologists agree that fatty yolk 
aiisea directly or indirectly in relation to Golgi elements. 
Nath (53), G-atenby (28, 29), Lndford (45), Bhattacbarj a 
(3), Das (15), and several others uphold this view. 

Qatenby and Woodger (28), Ludford (45), and Bram- 
bell (10), showed that in Helk, Limnaea, and Patella, the 
fatty yolk is formed directly by the Golgi elements. 
Hirschler has similarly shown that in Ascidians (Giona), 
the Golgi elements are directly metamorphosed into fattj 
yolk. The senior author (3, 4, 5) and his collaborafcois, 
have in a number of vertebrates, proved the direct or 
indirect transformation of Golgi elements into fatty yolk. 

Nath, in a series of papers (53), has strongly emphasised 
the fact that Golgi bodies give rise to fatty yolk- In 
certain cases, the non-fatty chroniophobic area or the 
vacuolar area of the Golgi vesicles is directly transformed 
into vacuolar fatty yolk bodies in the course of development 
of the oocytes (Spider, Scolopendra, Cockroach, etc.) ; in 
others, they are from the very beginning fatty in nature^ 
(Luciola, Dysdercus), and grow in size to form big yolk 
bodies This fatty yolk is disso'ved out when treated with 
turpentine cavrrig osinioplu ic riius and ens euts e iind 
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Cxatenby (22) and LndfoiJ (45) in Saccourrna and 
Pate ]a reapputive y lavo sbo^^n t lat t c fatty yolk an^es 
by the swelling up of the (j-olgi bodies. 

lleeently Hibbard (38), and Haiwey (36), have claimed 
that fat arises indfipondontly in the cytoplasiu 'v-ithont any 
relation to G-olgi bodies and mitoehondiia la the eggs of 
Discogiosfiiia and Carcinus respectively. Harvey in 
Carcinus observed that there was no relationship between 
the Golgi bodies and the fatty yolk In the aniiral 
examined by us. the fatty yolk has boon observed to be 
formed directly by the Golgi eleiiientg. 

In Da-Fano preparations, the fatty yolk m caHy 
represented either by an arclioplusmic aren to which a 
dictyosome is attached or a vacuolar area surrounded by 
a chromopkilic rim. In the Ohainpy rechniqucs fatty yolk 
bodies appear as solid dull black bodies. The black bodies 
after treatment with turpentine are readily differentiated 
leaving clear vacuoles with an osmiopbilic run or a, crescent. 
Intermediate stages between the fatty yolk bodies and the 
growing Golgi elements have also been observed. Thus it la 
concluded, that the fatty yolk bodies are foriuod directly by 
the swelling up of the Golgi elements. Most probably, as 
Hath conjectured, Harvey has been dealing with fat droplets 
and not fatty yolk bodies. 

Tlie Albuminous yolk has been observed oven in very 
young oocytes. They do not seem to possess any relation- 
ship with the Golgi bodies and mitochondria and probably 
arise de novo in the cytoplasm. 

Parat and Hibbard have demonstrated in several animals 
(Perea, Discoglossus, Apiysia, etc.), the relation between 
proteid yolk-formation and Golgi bodies. Similarly, Weiner 
m Litliobius and Tcgenaria lias shown that protoid yolk 
is* formed on the periphery of the egg, among and in. 
intimate relation to Golgi bodies. There are others, 

King m OniBcns Gatenby ind Woodger in AmntaJes, 
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who athibute the formation of proteid yolk in roiation 
to mitochondria. 

In quite a larg’e number of animals (Tnvortebrates) the 
work carried on in this line has shown that proteid yolk is 
formed mostly in relation to nucleolar extrusions. Nath jn 
a series of animals (Luciola, Lithobiiis, Spider, Cockroach, 
Scorpion, Dysdereue, eto.) has obseiwed remarkable nucleolar 
extrusions given out by the nucleolus, which pass out to the 
cytoplasm and are either directly or indirectly transformed 
into proteid yolk. 

Harvey has observed proteid yolk-forination in relation 
to Crolgi bodies and further says, “ probably it is deposited 
in tiie chromophobic part thereof, ” The present authors 
have been unable to find any existing relationships what- 
soever, between the formation of proteid yolk and the Grolgi 
elements or mitochondria in the animal under discussion. 

Moreover, in spite of the fact that nucleolar estrusions 
aie present in the cytoplasm, they have never been noticed 
to give rise to proteid yolk bodies directly. Thus it is assumed 
that the proteid yolk spheres are formed de nom in the 
cytoplasm. 

The centrifuge experimente also confirm the above 
conclusions as we notice that neither the mitochondria nor 
theGrolgi elements have any direct relationship with proteid 
yolk-formation whereas the Grolgi elements are in close 
association with the fatty yolk bodies. Thus, the conclusion 
IS forced on us that fatty yolk is formed directly by Golgi 
elements while the albuminous yolk is produced de no»o 
jn the cytoplasm. 


Vital Coloueation Expueimekts 

Since the vital staining methods otfot' satisfactory result? 
in this animal, it is worthwhile discussing in this paper, 
bnefiy , t le supp osed lomo ogy of the Go gi bodies and vacnon c 
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Pirat (65 67 69) with hie colUboratora fir t o first 
time demonstrated the occnrrence of vacuoinc m the anima! 
celis by vital colouration methods and believed that the 
Grolgi apparatus and the vaeuonie were homologous struc- 
tures. Further, the examination of salivary g-lands, ))ancrea6, 
etc-! led Parat to the conclusion that the Glolffi apparatus is 
constituted of a system of vacuoles (Yaeuome) m which 
“ Granules de secretion are produced by a process of 
condensation. He observed that tlie Golgi bodies arc really 
the vacuoles which are stained with dilate neutral red, and 
that the osmiophiHo rim or crescent is an artefact or is con- 
stituted of some special kind of chondriosomc, lipoidal m 
nature, which is associated witli the vacuole occasionally. To 
these special chondriosoines he gives the name of “Lepido- 
somes.'’ Thus, according to this view, the vacuolar space 
represents the vacuoiiie (“Golgi body”), which may be suz- 
rounded by special chondriosomes called [jcindosomes. 

Recently, Bowen (9) in plant cells, and Gatenby (25) m 
male germ cells of animals, liavevelioraontly criticised Parab’s 
Lepidosome theory. Gatenby, taking into consideration the 
definition of the Golgi apparatus maintains that “ It is 
an argentophil structure discovered in the nerve cells as 
such by Golgi ” (26). He further adds tliat the so-called 
Parat ’s “Lepidosome" is the real Golgi clement associated 
with an arcliopiasmic area or the vacuole. In the male germ 
cells some of the vacuoles are secreted by the Golgi elements 
and they collectively form congeries of vacuoles — the “ Va* 
cuome,” staining with the dilute neutral rod solution. T'hus 
he contradicted the view held by Parat that G olgi bodies are 
vacuoles whereas the argentophil structure is an artefact- 

Very recently, Beams and Goldsmith (l), in the salivary 
glands of Ohironomus larva, observed, that probably the 
“neutral red bodies are m reality the secretory inclusions 
which have been coloured by the dyeY They conclude 
.hat the neutra red bodies cannot represent the Golgi 
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bodies, the latter being argentopliil m structure and are 
ne^er found to be coloured with neutral red. Bhattacharya 
and Das in the oYaiy of the young pigeons (6), have found 
that Yacuome is quite a different structure and cannot be 
confused with the discrete Golgi elements as both these 
structures can be seen at the same time m vital examination 
lying separately as distinct structures. There appears to 
be, however, a close relationship between this “Yacuome” 
and the Golgi crescents, the latter being sometimes associa- 
ted with the former. 

Nothing definite can be said yet as to the behaviour 
and function of these neutral red staining bodies. 
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A TABITLAR RTSrSBSRNTAl’TON OP' THE T^lJlIOUb GYTOP JjASmC 
INCLUSrONP AND THSIR RELATIONS IN EE&AED TO 
TI1BLLO&ENE33S IN SOYLLA SLRBATA. 


OfigoTiial slaguB 

Golgi Bodies — 
Form , — Granular 


Function Nil. 


Mitock ondria — 

Form Granular and 
dusty 

Disposition : — P e w , 
^adjacent to the 
** ijboleus. 


Early oocytes. 


G) Vesicular » ohro- 
mophilic rim and 
ohromophobio 
centre 

(2) Crescent-shaped 
(dictyosomes). 


Swollen up Golgi 
elements with one 
or two fatty yolk 
bodies. 


Granular and dusty 


Formation of “Yolk 
nuoleua of Bal- 
biani."’ 


Fully deyelnpei! oocpc^g. 


Same as in early 
oocytes 


Scattered in the 
cytoplasm 


Many fatty yolk 
spheres. 


Gianular and dusty 


Scattered through- 
out. 


Disposition A few Formation of the 
in number, adjacent “ Yolk nucleus of 

to the nucleus. Balbiam,” 


Function —Apparently Apparently O'! 
nil 


Apparently nil 
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Oogoaial stages. Early oocytes. Fully developed oocytes 


Nucleolus — 

Form —round small Largje, oval, 
bodies 


Disposition . — M any 
mioleoli embedded 
in the nuoleolympli, 
tendency to arrange 
themselves around 
the nuclear mem- 
brane. 

Function : — Apparent- 
ly nil, but may 
influence the indirect 
synthesis of the 
proteid Yolk. 


One becomes pro- 
minent. Others 
plaster themselves 
round the peri- 
phery of the 
nucleus. 


Large, oval. 


Basophil nucleolus 
gives out nucleo- 
lar extrusions 
which become 
oxyphil in the 
ooplasm. 


Numerous 

Numerous. 


Fatty Yolk None Pew 

Alb. Yolk. None A Uir number 


A TABULAR RBPRKSENTATtON OF YOLK FORMATION IN ANIMALS 


Genus or animal 

Author 

Fatty yolk 

Albuminous 

yolk. 

Nucleolar 
©xtniaions, 
if preaent. 

Grantia 

G a t en h y, 
J. B. 


In ground pro- 
toplasm 

... 

Asoaris ... 

Hirs elder . . 

Cytoplasm 

Mitochondria 

-• 

Saccocirrus 

Gatenby 

Golgi bodies 

Nucleolar ex- 
trusions. 

Yes. 

Peripatus. 

King 

Formed in 

groups but 
its source 
haa not been 
determined 

• « V 

Probabl|. 

* 
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NudeoIsE 

Genus or amwal Autihor. Fatty yolfe Albuminous yolk extrusions, 

if piesBut, 


OarCinus ... 

Harvey ... 

Cytoplasm 

(independent- 

ly). 

Golgi bodies. 

Probable 

Oniaoiis ... 

King 

Golgi bodies 

Mitochondria 

*«■ 

Liraalus . , 

Gardmer 

Nucleolar ex- 
trusions. 

Interaction of 
Golgi bodies, 
tn 1 1 0 0 h 0 n- 
dria, and 

nucleolar 
extrusions. 

Present 

Palaranaeus 

Nath 

Golgi bodies 

None 

None 

Scorpion 

Nath 

Do. 

Nucleolar ex- 
trusions. 

Ves 

Cockroach 

Nath and 
Pier e Mohan. 

Do 

Do 

Do 

Scolopendra Nath and 
Hussain, 

Do 

Do ... 

Do. 

Luciola ... 

Nath and 
Mehta. 

Do 

Do. . , 

Do. 

Lifchobius ... 

King 

Probdbaly 
Golgi bodies 

Do, ... 

Do. 


Nath 

Apparent ly 
Golgi bodies. 

Do. ... 

Do. 

aj 

Weiner 

Cytoplasm 

Ind ireotly 
from Golgi 
bodies. 

4 » k 

^egeaaria 

Weiner 

Vitelline layer Golgi bodies 


Spidor {Oros- Nath 
sopmaj 

Golgi bodies 

I)a novo in the None 
oytoplasm. 
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Nucleolar 

Genus or animal. Author. Fatty yolk. Albutnuious yolk, extrusions, 

if present 


Oulex ... Nath ... Fat dtposits Microspheres 

in micro- or p r o t e i d 
spheres. yolk bodies. 

Apantales Gratenby ... Mitochondria 

and secon- 
dary nuclei. 

Tenthredi" Gresson ... Oolgi bodies Nucleolar ex- Yes. 
mdse trusions. 

Daphnia ... Hill and Golgi bodies None ... None, 

Gatcnby 

Nepa , Steopoe ... . Golgi bodies 

Dysderciis Nath . . Golgi bodies Nucleolar ex- Yes. 

trusions. 

Helix ... Gatenby ... Golgi bodies Probable .. None. 

Patella ... Ludford . Golgi bodies ... Yes, 

Pilaglobosa B h a t t a- Golgi bodies Nucleolar ex- Yes. 
oharya and trusions. 

Lai. 

Ostrea ... Rai H R. Golgi bodies Absent ... None. 

Singh. 

Calanus . Hilton, I. P. None . . Mitochondria Yes. 

Ophiooepha- Narain, D, Golgi bodies Mitochondria Yes. 
lus. 

Disc ogles- Hibbard, H. De novo in Golgi bodies 
sus, the cyto- 

plasm, 

Rana .. Narain, D, Golgi bodies Mitochondria Yes. 

TortoiseB B h a t t a- Golg bod es Mitoohondna Aes 
oharya 
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Genus or anjmal. Author Patty yolk Albuminoub yolk 


FowJ 

BrambelJ .. 

I’osstbly under Miiioohondna 
the influence 
of Golgi 
bodies 

Birds (Pi- 
geon). 

Das, K. S. 

Golgi bodies 

Mitoeliondna 

Lepus 

Del Rio 
Hortega 

Ml tochonilria 
and Oj to- 

plasm. 

- 

Lerinir 

Rao, S. 

N 11 c ] e 0 1 ill 
omihsioris. 

M 1 ( iioluaidi'ia 
and GiJ)j>: 

bodic'^ 


N ucletje r 
extrusions, 
if present. 


None. 


None, 


V ns. 
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SUMMAP^Y 

(1) The Gol^i apparatus m Soylla Sorrata is revealed beat by 
Da-Fano's Cobalt mtrate method and Ludford’s technique. 

(2) The Golgi apparatus consists of discrete cresoent-shaped 
or spherical bodies as revealed In fixed preparations as well as 
by Inira-vibain examinations. The spherical Golgi bofly may he 
differentiated into a ohromopliilic rim and a chroinophobio centre 
while the dictyosome appears as an osimoplulio orescent artaclied 
to an atchoplasmio area. 

(8) In the oogonial stages the Golgi elements appear in 
the form of a few black granules lying m the clear and homogene- 
ous cytoplasm adjacent to the nucleus. 

(4) In the early oooytos the Golgi elements iorm a juxta- 
nuolear complex mass— the “Yolk-nucleus of Balbiam’’ winch 
has been regarded as the focus of growth and dispersal of Golgi 
bodies. 

(5) Gradually, the Golgi elements begin to got detached 
from the compact mass and dispeise in the cytoplasm till in a 
full-grown oocyte these bodies are seen scattered tluoughout the 
cytoplasm. 

(”6) During the formation of Yolk-nuolous some Golgi ele- 
ments swell up to form fatty yolk bodies by deposition of fat 
inside the chromophobic or aiehoplasraic area 

(7) Fatty yolk bodies appear as solid black bodies in Osmio 
preparations and are readily dissolved when treated with turpentine 
leaving clear vacuoles with an osraiophiho nm or a orescent. 

(8) Mitochondria are revealed best by Eegaud, Regaud-Tupa 
and Ohainpy-Nassonov techniques. 

(9) Like the Golgi elements they also occur lu the “Yolk- 
nucleus ” area, whence they migrate round the nucleus till 
gradually they disperse throughout the cytoplasm. They are 
always granular and dusty and have never been noticed to swell 
up No fiiamenter forms have been observed 

(10) Nucleolar phenomenon is best exhibited in Bouin prej^a- 
rations stained with Mann’s methyi-biue-oosm 

(11) From the V 0 r> begmn ng tl o nucleol have a tendency 
to plaster theniBelveB to the nuclear membrane leav ng behind 
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<1 promnont baaoph 1 nuoleolus The former paaa out into tie 
eytoplasra as sueh or fragmeofc into nucleolar extrusions 

(12) The basophil nuoleolus gives out basophil bodies which 
pass out from the nucleus into the cytoplasm. During this 
period they get transformed into oxyphil nucleolar extrusions 
which may indirectly inlluenoe the syntnesis of proteicl yolk, 

(13) Occasionally, the whole of the nuoleolus is seen to come 
out of the nuclear membrane into the ooplasm without apparently 
rupturing the nuclear wall The significance of this is unknown 
but probably it buds off nucleolar extrusions in the ooplasm. 

(14) The true yolk or proteid yolk is formed "Tie novo'’ m 
the cytoplasm Mitochondria play absolutely no part in vitello- 
genesis 

(15) In the Intravitara examinations, patches of neutral 
red staining vacuoles have been observed which lie quite distinct 
and separate from the Golgi bodies These are the patches of 
Parafs Vaouorae ” Their behaviour and fuuotions are yet to be 
discovered 


EXPLANATION OF PLATES 

The drawings were made under Lcltz Abbe Camera Lucida. 

Figs. 1-6. Da-Ifano preparations stained m Safranin and Light 
green. Sections were cut 6 in thickness 

Fig. 1. The young oogontal stage showing a few discrete Golgi 
granules. 

idgs, 2 and 3. Early oocytes m which the Golgi granules have 
a tendency to lie on one side of the nucioiis. 

Pig. 4. An oocyte showing the “ Yolk-nucleus of Balbiani ” formed 
by the Golgi bodies. 

Fig 5 An oocyte m which the Golgi bodies have begun to detach 
themselves from the Yolk-nucleus of Balluani, and 
scatter in the cytoplasm. 

Fig 6. Showing a well advanced oocyte in which the Golgi ele- 
ments have scattered throughout the cytoplasm m the 
form of vesicles and crescents Fatty yolk bodies are 

• , also visible, formed by the Golgi bodies. 

Figs. 7-14 Ludford pieparations stained in Cbampy-Kull. 

Fig- 7 represents an eady oogon'-un showing two or three Go)g‘ 
granules n the o ear homogeneous cytop aflni 
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8-10 represent early oocytes in which the Golgi granule! 
increase in number and He juxta-nuolear in position. 

11 An oocyte showing the formation of the “ Yolk-nuoleue 
of Balbiani.” 

,2. An oocyte where the Golgi bodies give rise to some 
fatty yolk bodies. The yolk-nuoleus has begun to dis- 
seminate m the cytoplasm. 

13. Showing the detached Golgi vesicles and dictyosomes 
scattered throughout the cytoplasm around the nucleus. 

14 Showing a fully developed oocyte m whioh the Golgi 
elements have dispersed throughout the cytoplasm. 
Besides the fatty yolk bodies, some albuminous yolk 
bodies are also seen, stained cherry red in acid fuohsin 

15-23. Oharapy-Nassonov preparations stained m Oharapy- 
Kull. Sections 5 t>- na thickness. 

15, An advanced oogonium showing two or three dusty 
granules of mitochondria, 

16 and 17 represent early oocytes where the mitochondrial 
granules increase in number and lie adjacent to the 
nucleus, 

i8 An oocyte where the mitochondria occur in the "Yolk- 
nucleus of Balbiani.” Some albuminous yolk bodies 
are also visible stained m acid fuohsin. 

19 and 20 represent oocytes where the niitoohondnal 
granules detach from the yolk nucleus and form a 
peri-nuclear zone, 

21,22 and 23 represent the well advanced oocytes where 
the mitochondria increase m number and scatter through- 
out the cytoplasm. Albuminous yolk bodies are fairly 
big in size and dispersed in the cytoplasmic area 

24-27. Regaud preparations stained in Charapy-Rull Sec- 
tions 5 m thickness. 

14 An early oocyte showing some mitochondrial granules 
lying adjacent to the nucleus. 

15 Showing the formation of the “ Yolk-nucleus of 
Balbiani.” 

26 and 27 Showing the dispersal of the mitochondria iVt 
the cytoplasm as in Champ y-Nassonov preparations. 

28 31 Bonin preparat-ons stained in Matm'a methyl-blue 
eoain Sections 6 m thickness 


IH. A l.l,AH AT. AlJ UINlVl'KHl'i i SiUUltto 


28 Sho V ng: an oooyto n wh cl fcl cro are many ni cleoL 
within the nuoleus, nriil one of tueiii heiGg pporaiQest 

29 Showing an oocyte where the nucleoli plaster themselves 
round the nuclear membrane, leaving a prominent baso- 
phil nucleolus stained deep red in Mann’s tnethyl-bhie- 
eosin 

30. Showing some oxyphilic nucleolar extrusions m the 
cytoplasm coming through the nuclear membrane Oxy- 
phil bodies are stained lighter m the stain. 

31. Showing a well advanced oocyte in wliich the c} toplasm 
is fully packed with the nucleolar extrnsious. 

32-34- represent the Fatty yolk lorniation Da-Fano pre- 
parations stained in Sal'ranm-Lighl green. 

32 Showing the vacuolar fatty }olk spheres each with an 
associated Golgi crescent or vesiolo, m the region of 
the yolk-nucleus. 

33 and 34 Showing the oocytes wheie the mtoimediate 
stages belwmen tlie Golgi elements and tiie fatty yolk 
bodies are seen (swollen up Golgi bodies). 

35 shows a Ohampy-Nassonov preparation sf.aineil m 

Oharnpy-Kull. Representing the albuininous yolk bodies 
stained cherry red in aoid fuohsm 

36 represents the centrifuged material fixed m Chariapy- 

Nassonov followed by Ohampy-Kull. Throe separ.tfce 
zones of mitochondria, albuminous yolk, and Golgi 
bodies with associated fatty yolk bodies are visible 
individually 

. 37 and 38 represent oocytes in Bouin ’’ sfained with Mann’s 
methyl-blue-eosin, showing the occasional shifting of 
the nucleolus into I he cytoplasm apparently without 
ruptming the nuclear wall. In the cytoplasm it presents 
an oxyphilic consistency, 

39, 40, 41 represent oocytes as seen m the Intra-vitara examina- 
tion w'lth Neutral red. These represent the structure and 
dispersal of the ‘Vacuome’ patches, formed of oongenos 
of small vacuoles stained red in neutral red. 

49 and 43 represent oocytes studied afresli in 2 per cent 
osraic acid. These show the fatty yolk bodies and the 
Golgi crescents and vegmlss w>th an osniiopliihc rim and 
a 0 ear ohrom pho c arc n 
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SEOTION II 

CHEMISTRY 


lUUlNh VALUh OF SATURATED PATTY 
ACIDS AND THEIR SALTS 


BT 

HAR KUMAR PRASAD VARMA, M Sc., 

Research Scholar, Ghemistry Department. 

In 1898 proposed a method for the determination 

of Iodine Value in which iodine trichloride was made to 
be absorbed by oils in presence of glacial acetic acid. Hiibl, 
Winkler and others^ have proposed alternative methods for 
the determination of iodine numbers and since then, various 
investigators have determined the iodine number for almost 
all vegetable and animal fats, and unsaturated fatty acids 
Up till now it had been supposed that nnsaturation is an 
essential condition for the absorption of iodine and this 
was the reason why only the unsaturated fats and oils have 
been investigated. 

In a previous communication from this laboratory, 
Palit and Dhar® studied the oxidation of the salts of saturat- 
ed fatty acids by passing a current of air through their 
solutions m presence of various inductors in tropical sun- 
light. They found that the amount of the fat thus oxidised 
can easily be estimated by determining the amount of 
absorption of iodine trichloride by fat before and after the 
experiments. From these results we are led to think that 


* Wijs . Ber, $1, 750 (1898) ; Ztsciir. Nahr. U Genus, i, 913 
(1901). 

® Rowland Williams: J. Soc. Ohem. Ind., 19, 300 (1900), 
Tolman and Munson J. Amer. Chem. Soc., 25, 244 (1903); 
Asohman: Ohera. Ztg., 22, 59, 71 (1898) ; Margosohee, Baru and 
Wolf; Z, Anal Chem., 62^ 178 (1923), Weiser and DonStth 
Zeitsch, Nahr. Genussm, 28, 65 {1914},. 

® Palit and Dhar : J. Phya. Chem., 3i, 711 (1930), 
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aatmatc'd fatty acids do a so poBsees a epeciho iodine number, 
howsoever small it may be, in comparison to that of the 
nnsaturated compounds. 

In the present paper, I have thoroughly inyeetigated 
this problem and have determined the iodine value of the 
following substances : — 

Propionic Acid. 

Sodium Propionate. 

Butyric Acid. 

Sodium Butyrate. 

Stearic Acid 

Potassium Btearate- 

Palmitie Acid. 


EXPERIMENTAL 

In the determination of the iodine value the procedure 
recommended by Wijs was followed. The following reagents 
were prepared : — 

1. Iodine Solution — This was prepared by dissolving 
thirteen grams of iodine in one litre of glacial acetic acid. 
Pure glacial acetic acid, which did not give a green colour 
on heating with potassium dichroinate and sulphuric acid 
after prolonged standing (for about six to eight hours), was 
used. 10 G.c. of this solution were titrated with a standard 
solution of sodium thiosulphate. Chlorine, purified and dried 
by washing through concentrated sulphuric acid was led into 
the iodine solution, till it changed colour and its iodine 
content was doubled. The solution -was kept for hours 

> before being used (Lew’^kowitch). 

2. Standard sodium thiosulphate solution — It was 

prepared by dissolving a carefully weighed amount of the 
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pure salt in distilled water and making it up to a known 
Yolume. A fairly dilute solution of about 0'025N strength 
was employed. 

3. A lO'O per cent potassium iodide solution was used. 

4. A fresh starch solution of about 1 0 per cent 
strength was prepared for use as an indicator, by pouring 
an emulsion of starch in cold water in nearly boiling water 
contained in a beaker, and stirring it. 

A carefully weighed quantity of the pure fatty acid or 
one of its salts was dissolved in some pure glacial acetic 
acid, and the solution was then made up to iOO c.c by 
adding the iodine solution as prepared above. Immediately 
after preparation, 10 c c. of this solution was taken m a 
glass-stoppered Jena bottle, 10 c.c. of a lO'O per cent 
potassium iodide solution and 25 c.c. water added, and 
the whole titrated with a standard solution of potassium 
thiosulphate. This gave the blank reading. 10 c.c. of the 
solution of the fat were taken in each of a number of glass- 
stoppered Jena l)ottles and kept in an electrically-driven 
rocking maohme for a number of hours in order to beep 
the solution in a constant state of agitation throughout. 
The bottles were covered with a thick dark-coloured paper 
to protect them from diffused light. They were taken out 
as required, 10 c.c of a 10 per cent potassium iodide solution 
and 25 c c. water added, and the whole titrated with a 
standard sodium thioauiphate solution. From this data, the 
iodine value was calculated in the usual manner. 
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Iablk I 

Absorption of Iodine by Propionic Acid 

^1228 grms. of propiODic acid was dissohod in glacial 
acetic acid, and the solution was then made up to 100 c.c. 
with the iodine solution as prepared above. 

Concentration of the sodium thiosulphate solution 
used = N/38 29 

10 c-c- of the aho\e solution required 21‘0 c.c sodium 
thiosulphate (IBlank) 

10 c 0 . of the aiiove solution were titrated with hypo 
after shaking mechanically for : — 


Horn s 

N/88 29 hypo lequiied 

Iodine Value 

15 

204 G.c. 

0 26 

24 

20-3 c.c 

0'29 

41 

17 7 0.0 

L 35 

47 

17 25 o.c 

1 53 


Before each titration, 10 c c. of a 10 per cent potassium 
iodide solution and 25 c.c. water were added to each bottle. 
The starch solution was added near the end of the titration 
when the colour of the solution became very pale. 

Taels II 

Absorption of Iodine by Sodium Propionate 

1’5518 gms. of sodium propionate was dissolved in 
glacial acetic acid, and the solution was made up to 100 c c. 
by adding iodine solution. 

Concentration of the hypo-solntion used — N/38’29. 

10 c.c. of the above solution were taken in a glass- 
stoppered bottle, 10 c.c. of a 10 per cent KI solution and 
25 c.c. water were added to it. It required 12 ’3 c.c. of 
Nd38-29 M 2 Q 2 O 3 (Blank). 

10 c.c. of the fat solution were taken in each of the 
two glaafr^toppered bottles and were b laken mechanically 
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for a number of hours. After that 10 e-c. of 10 per cent KI 
solution and 25 c.c. water were added to each bottle, and 
then titrated with KagSgOg. 

Hours N/38’‘29 Na^S^O, required Iodine Value 

6 7*8 c.c 0 96 

23 7*9 o.c, ri 

Table Ilf 

Absorption of Iodine by Butyric Acid 

1*6369 grna, of bntj’Tie acid were dissolved m g^lacial 
acetic acid, and the solution was made up to 100 c.c- by 
adding" iodine solution. 

Concentration of NagSgOs solntion used = N/38‘29, 

10 c.c. of the solution of the fat were taken in a g’lass- 
stoppered bottle, 10 c.c. of a 10 per cent KI solution and 
25 C.C. water were added to it It required 2 7 ‘5 c.o. of 
N/38*29 NagSgOs (Blank). 

10 c.c. of the fat solution were taken in each of the 
three glasa-stoppered .Tena bottles, and were shaken me- 
chanically for a nuruber of hours- After that, 10 c.c. of 10 
per cent KI and 25 c.c. water were added to each bottle, 
which were then titrated with KagSgOs- 


Hours 

N/38’20 Na.B.O, required 

Iodine Value 

24 

27*25 c 0. 

0*43 

47 

27*10 0 . 0 . 

0*69 

72 

20*90 c.c. 

1*13 


Table IV 

Absorption of Iodine by Sodium Butyrate 

1‘5767 gms. of sodium butyrate were dissolved in 
glacial acetic acid, and the solution was made up to 100 c. c. 
by adding- iodine eolntion 
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Strength of sodium thioanJp late solution N/38 29 
10 C'O. of the above solution were taken in a glass- 
stoppered bottle, 10 c.c. of 10 per cent El solution and 
25 c.c. water were added to it. It required H'd c.c. of 
N/38‘29 Ea2S203 (Blank). 

10 c-c. of the solution of the fat were taken in each 
of the four glass-stoppered bottles, which were shaken 
mechanically for a number of hoars. After that, 10 c.c. of 
10 per cent KI solution and 25 c.c. water were added to each 
bottle, and then titrated with Na2S203. 


Hours 

J^/38-29 Na,S,Os used 

lodiae Value 

6 

8'3 0 0. 

0*05 

23 

8 2 c.c. 

0 67 

29 

8 2 c.o 

0‘67 

46 

8 0 0 c. 

0'72 


Table V 

Absorption of Iodine by Stearic Acid 

1'2357 gms. of stearic acid was dissolved in glacial 
acetic acid, and the solution was made up to 100 c-c. by 
adding iodine solution. 

Concentration of NaaSgOs solution used=E/38'29. 
10 c-c. of the fat solution were taken in a glass-stoppered 
bottle, 10 c.c. of 10 per cent KI solution and 25 c.c. water 
were added to it. It required 27'3 c.c. of N/38'29Na3S20s 
(Blank). 

10 c.c. of the solution of the fat were taken in each of 
the three glass-stoppered bottles, which were shaken 
mechanically for a number of hours. After that, 10 c.o. of 
10 per cent KI solution and 25 c-c. water were added to 
each bottle, and then titrated with Ka2S203. 


Hours 

N/38'29 Na^SjOa used 

lodme Value 

16 

26 9 o.c. 

1*4 

26 

26‘6 0 o 

r7 

39 

28 6 c o 

3 4 



lOKINB YAIjTJI: of satueated factt acids, etc. 113 

Table VI 

Absorption of Iodine by Palmitic Acid 

1*0983 gms. of palmitic acid Yras dissolyed in glacial 
acetic acid, and the solution was made up to 100 c.e. by 
adding iodine solution. 

Strength of solution =N'/38'29 

10 c.G. of the fat solution was taken in a glass-stopper- 
ed bottle, 10 c.c of 10 per cent KI solution and 25 c.c. 
water were added to it- It required 42‘9 c.c. of 
N/38*29Na3S20, (Blankb 

10 c.c. of the solution of the fat were taken in each of 


the four glass-stoppered bottles, which were shaken 
mechanically for a number of hours. After that, 10 c.c. of 
10 per cent KI solution and 25 c.c. water were added to 
each bottles and then titrated with lsra 3 S 203 . 

Hours 

N/38-29 Na.S^Os used 

lodme Value 

15 

41*9 O.O. 

0*30 

24 

41*7 0.0. 

0*36 

38 

41*3 0.0 

0 48 

50 

40*8 c 0 . 

0*63 


Table YII 

• _ 


Absorption of Iodine by Potassium Stearate 


0‘b642 gms. of potassium stearate was dissolyed in 
glacial acetic acid, and the solution was made up to 100 c.c. 
by adding iodine solution. 

Concentration of NasSaOg solution need =N/44'9 
10 c.c. of the fat solution was taken m a glass-stoppered 
bottle, 10 c.c. of 10 per cent KI solution and 25 c.c. wa^er< 
wereUded to it. It required 27*2 c.c. of N/ 44 * 9 Ka 2 S 203 
(Blank) 

F 15 
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10 0 , 0 . of the solutioa of the fat were taken in each of the 
three glass-stoppered bottles, which were shaken mechanically 


for a number of 

hours. After that 10 

o-e. of 10 per cent 

KI solution and 2.5 c,o. water were added to each bottle, and 

then titrated with 


Hours 

N|44 9 NajS 30 s used 

Iodine Value 

31 

25'5 c.o. 

0 85 

49 

24 7 e 0 

1'25 

73 

2U cc 

1*53 


DISCUSSION 


From the 

results recorded in the 

previous tables, it 


would be seen that sufficient quantity of iodine is absorbed 
by such saturated compounds as butyric acid, propionic acid, 
stearic acid, and palmitic acids and also by their sodium 
and potassium salts. The experiments have been repeated 
many times and the possibility of the experimental error 
has been avoided as far as possible. It can be said with 
confidence that saturated acids also possess an iodine num- 
ber similar to that in the case of unsaturated acids. It is 
also clear from my observations that the iodine value of 
these substances continuously increases with time. It is 
only after the lapse of a considerable time, that the iodine 
value, in the case of saturated compounds, attains a maxi- 
mum. In the case of unsaturated compound, it has been 
generally observed that the maximum condition is reached 
within a few hours, 

Margosches, Friedmann, Tachdrner'^obaetved something 
like the iodine super-value in the case of olive, castor and 
linseed oils and oleic, ricinoieic, and linoleic acids in aqueous 
alcoholic solutions. It shows that unsaturated acids are, 


Margosches, Fnedraciun and. TschoVoer , Her, 58 (B), 794 
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in the first instance, converted into saturated iodine com- 
pounds whioh are capable of further oxidation. I am of 
opinion that the iodine number for the saturated acids car 
also be explained in a similar way. The mechanisin pro- 
posed by the above authors for the super-iodine value is as 
follows : — 

(1) l2+HgO=HI-hHlO. 

(2) R^CH: CH.CH2R"4-HI0-R'CHLCH(0H). CHaR". 

(3) R'Om.CH(OH). CHgR'+HIO^R'CHI. CH(OH). 

CH(OH)R"-fHI. 

In the first step iodine is actually added to the unsatu- 
rated molecule, while in the second step the iodine acts as 
an oxidising agent- Similarly, the iodine absorption of 
saturated fatty acids can be explained in the following way : — 

(1) HaO+Is^^HI+HIO. 

( 2 ) RCH3CH2C00H+HI0 = RGHgCH(0H). OOOH-f 
HI. 

Tne above authors also observed that for the super- 
iodine value the substances must remain in contact for 
twenty-four hours or a longer period. The lodme numbers 
which I have obtained for saturated compounds do not 
exceed 2’5 in value, while in the case of uusaturated sub- 
stances they are often as high as 200. This very fact shows 
that the iodine number of saturated compounds is not 
primary, but secondary. 

The iodine value has been, up-till now, associated with 
unsaturation and it has been regarded as a reliable method 
for the estimation of unaaturation. It may be stated, 
however, that the iodine value, thus determined, gives the 
combined values due to unsaturation and the secondary 
oxidation of saturated compounds. « 

The results recorded in the previous tables also show 
that there exists no relationship between the iodine valno 


lib 


liiJ!. 


Al> SiUiJL*^ 


and the namber of carbon atoms of the saturated &tty 
compwond Acetic acid does not appear to absorb iodine 
to any marked extent e^en when kept in contact for 
45 hours as is seen from the following results 


Table VIIT 


Four bottles were taken each containing 5 c-c. iodine 
Bolution as prepared above. They were titrated with ]5^/38'29 
hypo after a number of hours. 


No of hours 
Immediately 
After 20 hrs 
After 26 hrs. 
After 45 hrs 


N/3S 29 hypo used. 
22 55 c.c. 

22 '6 o.e, 

22 "6 0 c. 
22'6 o c. 


However, as soon as the number of carbon atoms 
increases, the power of absorbing iodine is at once exhibited. 
It is strange thatpropionic and stearic acids possess a remark- 
ably higher value than the butyric and palmitic acids. In 
the case of propionic and butyric acids, the sodium salts 
possess higher value than the corresponding free acids. 
From this it appears that sodium salts arc more liable to 
oxidation. 
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SUxMMARY 

1. The iodine raluea for the following saturated fatty acids 
have been deteriained : — propionic, butyrio, palmitic and stearic 

2. It has been shown that the saturated fatty acids also possess 
an lodme value, which, however, continuously increases with time, 

3 The iodine value of the sodium salts of the above acids 
has also been determined, and it has been shown that the salts 
generally possess a higher value than the corresponding acids. 

4 There appears to be no relationship between the iodine 
value and the constitution of the compound. 

5. A mechaaisin for the absorption of lodme has been suggest- 
ed and it IS believed that the iodine value is not due to the addition 
of iodine to the structure of the molecule, but to the oxidation of 
the methylene group. 



FORMATION OF INORGANIC JELLIES 


BY 

SATYA PRAKASH, MSc., 

Ghendstry Dsjpartment, Umversity of Allahabad. 

The number of inorganic jellies so far known is very 
limited. The organic jellies as of starch, gelatin, soap, 
agar, pectin, numerous dyestuffs and celluloses are now of 
classical interest. The phenomenon of spontaneous gelation 
has also been observed in nature in the process of clotting 
of blood and forination of curds. As chemists, we have 
always taken interest in the imitation of nature and it was 
not unnatural to think that the process of jelly formation, 
so familiar with the natural-occurring organic substances, 
could be repeated with success in the case of inorganic salts. 

In this communication, we will give in brief the 
preparation of numerous inorganic jellies so far discovered. 
For convenience, the jellies may he divided into the follow- 
ing groups ; 

(1) The jellies of oxy-acids. 

(2) The jellies of basic hydroxides, 

(3) The jellies of the salts of polybasic acids — 

(a) Arsenate jellies. 

(^>) Phosphate jellies. 

(c) Molybdate jellies. 

{d) Tungstate jellies. 

(e) Borate jellies. 

(4) The jellies of sulphides. 

(5) Von Weiraarn jellies. 

The Jellies oe Oxt-Aoids , 

Silicic acid, vanadic acid, titanic acid and molybdi 
acid are the familiar instances of oxy-acids which are know 
to give jeUies 


J18 



J20 
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Silicic Acid — Aboat a centary ago, Berzelius^ 
prepared sihoic acid jelly. However, it was Holmes® who 
for the first time undertook the systematic study of this 
substance. Silicic acid jelly is prepared by the addition of 
various acids to the solution of sodium silicate of different 
concentrations. It has been observed that the gel is rapidly 
prepared by using slightly less acid than is required to 
neutralise sodium silicate. Waterglass of l‘I5 D and equal 
volume of t) N hydrochloric acid gives an excellent gel ; 
however, the concentrations can be varied to a great extent. 
Holmes^ further studied the various properties of this 
jelly including the influence of temperature, and also the 
syneresis. 

Bfaatnagar and Mathur'*' observed that silicic acid jelly 
can also be prepared by the use of the regulated concentra- 
tions of sodium silicate and ammonium acetate. Mata 
Prasad and Hattiangadi^ extended this work and they 
have shown that the gel can be obtained by the use of any 
ammonium salt like chloride, nitrate or sulphate of ammonia 
instead of ammonium sulphate- They used the concen- 
trations of about 3-5 per ceut SiOs from Na20, 2^'33 SiO® 
and O’ 5-0 '7 N ammonium salts. 

Vamdic Actd - — Colloidal vauadic acid was prepared 
by Prandtl and! Hess,® and BideaH and its coagulation and 
optical birefractive properties were investigated by Freund- 
lich and co-workers,® Reinders® and Kruyt*® but its pro- 
perty to form a gel was probably for the first time noted 


Ann. Ohim. Fhys. (3) 5<S, 3t2 (1833). 

J. Phys. Chem., S3, 510 (19l8> 

J Amer. Ohem. Soo , dl, 

Kolloid-Z., 368 (1922). 

J. Indian Ohem. Soo., S', 653, 893 (1929) 'y 341 (1930). 
Z, Anorg. Ohem., 82, 103 (1913). 

Obem. Zentr,, 1, 1738 (1914). 

KcU. Obem. Beihfte, 7, 172 (1915). . 

Proo K. Akad Wetensch Amsterdam, 19 180 (1916] 

' Ihid. 18 1626 (1916) 
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by Wiegner, Magasanik and Gessner ' They also observed 
its close analogy with fibun sola Yanadic acid sol is 
prepared by carefulh mixing in a mortar some ammonium 
vanadate and a few drops of concentrated hydrochloric 
acid, and then wmshing’ the red precipitate many times 
by decantation The acid when sufficiently purified, on 
further washing passes to the colloidal condition. The sol 
thus prepared is now allowed to dialyse for a few days. 
The sol IS negatively charged and can be set to jellies by 
ihe use of different concentrations of potassium or barium 
chlorides. The time of the setting of tiie jelly depends 
upon the concentration of coagulating electrolytes- Quite 
transparent jellies are obtained, some of which are very 
stable, while others undergo synerosis 

Titanic Add- — Graham^ obtained a sol of hydrous tita- 
nic oxide by the dialysis of 1 per cent solution of the oxide in 
dilute hydrochloric acid With more concentrated solutions, 
it was observed that the jellies are formed on the dialyser 
during dialysis. The water in an aged jelly can be 
replaced by alcohol, ether, benzene, glycerine or 
concentrated sulphuric acid. 

Rose® formed the titania jelly by treating a fusion of 
titania and sodium carbonate with bydrochlono acid, 
filtering the solution and allowing it to stand whereupon 
the hydroxide precipitated out as a gel. Knop'*' obtained 
a jelly as follows . — A strong hydrochloric acid solution of 
magnetic oxide of iron (Fe TiO,j) was treated wnth tartaric 
acid and neutralised with ammonia. The iron remained 
in the solution and titania came down as a white precipitate 
On filtering and attempting to w'asli the oxide, it swelled 
up much in the same manner as gelatin forming a 


' Kolloid-Z,, 30, 145 (1922) 

* FhiL Trans 151 218 (l86l) 

’ Gilbert s Ann 73 6 (1823 

* Lieb Ann Chem 123 3dI 186 
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colourlesB transparent jelly On Trarm ng howeror the 
jelly was transformed to a g-elatmoua precipitate. 

El oaky and Marzano^ prepared firm transparent jellies 
by neutralising slowly an acid solution of titanium dioxide 
with sodium, potassium or ammonium carbonates Recently, 
Bbatia and G-hosh^ obtained a sol of titanic acid by dialys- 
ing a solution of titanium tetrachloride in water (Cf. 
Majnmdar, J. Indian Chein. Soc , d, B07 (1929). They 
observed that this sol sets to a jelly by the addition of 
electrolytes. The sol prepared by them, however, appears 
to be positively charged- 

Molybdic Acid . — hfot much work appears to have been 
done on molybdic acid jellies. It has been observed that 
on addition of suitable concentrations of hydrochloric acid 
to a strong solution of ammonium molybdate, the molybdic 
acid is precipitated in the form of a solid opaque jelly. 

The Jellies op Basic Hydroxides 

The most common of the inorganic hydroxide j’eiiies 
are those of iron, chromium, aluminium, tin, zirconium, 
copper, mercury, manganese, scandium, erbium, cerium and 
non-aqueons gel of nickel- 

Ferric Hydroxide Jelly. — Clrimaux'’’ added an alcoholic 
solution of ferric ethylate to an excess of water, which on 
hydrolysis yielded colloidal ferric oxide. The sol coagu- 
lated spontaneously on standing for some time at the room 
temperature and more rapidly on heating or adding 
electrolytes, like potassium or barium chlorides or sulphuiic 
acid, in some cases forming a transparent jelly, provided the 
sol is not agitated during the coagulation. Even dilute sole 
gave firm jellies. Contraction took place in the jellies, 
hemever, in tlie cold and this too, very rapidly at higher 
temperatures. 


’ J- Phyg- Chem- 2S- I \25 (1925) 

* J Ind an Ohem boc 7 687 1930 

* Gompt Rend 9S 106 1434 1884 
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The ferric hydroxide sol prepared by the Graham’s 
method does not give jellies, but if the concentration be 
sufficiently high, a jelly may be formed. Sohalek and 
Szegvary^ added - electrolytes in amounts below their 
precipitation values to the colloidal solutions containing 
6 to 10 per cent feme oxide and allowed the sols to stand 
quietly. After a tune, the mixture set to a jelly which was 
almost as transparent as the original sol- This jelly slowly 
developed opalescence. It also exhibited the phenomenon 
of thixotropy, the gel on shaking was transformed to sol 
which on standing re-formed the gel. 

Grimaux^ obtained a firm j'elly by dialysis of a negative 
sol prepared by peptisation of hydrous oxide witii alkali in 
the presence of glycerine. If ammonia were used instead 
of caustic alkali, and the sol exposed to air, the slow loss 
of the peptising agent by evaporation, also resulted in 
the precipitation of a jelly. Fischer® prepared a firm 
jelly by the prolonged dialysis of a sol containing but 
one per cent of iron Browne obtained a jelly simply by 
allowing a part of the water to evaporate slowly from a 
concentrated Graham sol of high purity. 

Dhar and Ohakravarti^ observed that various metallic 
hydroxide j’ellies can be prepared by adding sodium acetate 
to a metallic nitrate or chloride, and allowing the hydroxide 
to coagulate in the presence of ammonium sulphate, and 
also regulating the hydrogen ion concentration by the 
addition of suitable amounts of ammonia. 

In a recent communication, Prakash and Dhar® have 
investigated the formation of this jelly by the above method 
in details. The jelly has been prepared by adding varying 
amounts of 3‘54 N sodium acetate to M/2 feme chloride 


' Kolloid-Z., 32, 318 ; 33, 326 (1923), 

* Compt. Rend., 98, 1485 (1884). 

’ Biochem Z. ,57, 223 (1910). 

* Z Anorg Ohem 168 209 19^7) 

' J indjan Chem. Soo 7 691 (1930) 
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BO ntaou m prc'wtice of Btiaa amounts of ammomum 
sup an 1 then addin" i trace of ammonia, borne of 
the suitable concentrations for the formation of this jelly 
are given below . 

Table 1 


Total Volume — 5 c.o. 


I 

M/2 FeCls ' 

3'64N 

Sodium 

acetate 

2M 

Ammomum 

sulphate 

6 81N 
Amraoaia 

Observation 

c.e. 

C.O 

O.C. 

C.C 


2-0 

0-9 

O'S 

0*1 

Clear solution no jelly. 

2‘0 

1 0 

O'o 

0*1 

Turbid solution, no Jelly. 

2-0 

r2 

O'o 

0*1 

Loose jelly m 20 lirs. 

2-0 

13 

( 0’5 

0*J 

Firm opaque jelly m 
20 hrs. 

2 0 

rs i 

05 

0*1 

Opaque solution, no j’elly. 

2'0 

1 2 

OB 

0*1 

Finn opaque jelly in 
22 hrt.. 

2’0 

12 

1 0'6 

0*3 

Firm opaque jelly m 
22 hrs. 

20 

1 2 

0'8 

0*1 

B'nin opaque jelly in 
10 hrs. 

1-33 

00 

o 

0*2 

0*1 

Opaque loose jelly in 
22 hrs. 

ro 

10 


0*1 

No jelly, precipitate. 

I’O 

r2 

0*5 

1 

0*1 

No jelly, precipitate. 


It will be seen from those resu'fcs that for a given 
amount of ferric chloride, there is a corresponding minimum 
amount of sodium acetate which must be added before 


expecting a jelly. A little quantity above this miniinum is 
always favourable, bat the addition of larger amounts of 
sodium acetate will not form tlie jolly. As regards the 
addition of ammonium sulphate, a small quantity is always 
sufficient, the addition of it hoyond a limit gives loose 
jellies or gelatinous precipitates. The addition of a trace 
'' oframmonia is sufficient to give a jelly, if the concentrations 
of the other constituents are suitable ; in some oases, 
however, it may not be essential at all. The jellies thus 
obtained by this method are opaque and stab e and do not 
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undergo any marked syneresis, and some of them can be 
pieaerved for months. 

Chromic H 7 jdr 0 xt.de Jelly. — Reinitzer^ observed that a 
solution of chromic salt boiled with sodium acetate and ren- 
dered alkaline with caustic alkalies or ammonia sets to a jelly. 
Bunco and Finch® found that a very satisfactory jelly can 
be obtained by dissolving one part of chromic chloride or 
sulphate m 20 cc of water and adding approximately one 
gram sodium acetate pei 20 c.e solution, and boiling the 
mixture for 1 minute and then allowing it to cool. The 
solution is now violet in colour Concentrated solution of 
caustic potash is now added until the solution is distinctly 
alkaline. The solution now turns green and sets within 
20 minutes. If ammonia is added instead of caustic soda 
or potash, the solution becomes distinctly purple and sets 
to a jelly in some 12 hours. They also observed that a 
jelly is obtained by adding caustic soda to chromic acetate 
or chrome alum solution. Nagel® obtained the chromic 
hydroxide jolly by regulating the concentrations of chromic 
sulphate or chrome alum and caustic potash Grood jellies 
were obtained by mixing 50 c-c. of Cr2(S0i)3 solution 
containing 34 gms. of the salt per litre and 10-11 c.c. KOH 
(1:11. 'Weiser^ prepared a jelly by adding an excess of 
caustic alkali to chromic chloride solution, and allowing it 
to precipitate in the presence of ammonium or potassium 
sulphate. A. green jelly is thus slowly formed. It appears 
that m the presence of an excess of alkali, the precipitated 
hydroxide gets peptised and a negatively charged sol is 
formed, which in the presence of further electrolytes under- 
goes slow coagulation, and finally a jelly is obtained. 

In a recent publication, Prakash and Dhar^ have 
investigated in details the conditions of the formation of 

' Monatyh, 3 , 249 (1883) ; Ohem Newa, 48 , 114 (1883) 

* J Phys Ohem , 17 , 769 (1913) 

’ Ibid 19 331 (1914) 

* Colloid Symp Monograph WiboonBin 1 46 19*^3 

' Tx)0 e t 
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this jelly We Lave observed that the jel j is best prepared 
by adding a sufficient amount of 3*54 bf sodium acetate to 
M/2 solution of ferric chloride in presence of small amounts 
of 2M ammonium sulphate- The mixture is allowed to 
stand for about an hour and then some ammonia is added 
to it. If the mixture is not allowed to stand for sufficient 
time befoie the addition of ammonia, it will cause an 
immediate precijutation and no jelly would be obtained 
The clear mixture thus obtained develops opalescence 
and if the concentrations of the constituents are suitable, a 
jelly would be formed. Tlie tune of setting of the jelly 
would depend upon the relative concentrations of the 
reactants, as is shown in the following table . 

Tablk II 


Total Volume — 5 c-c. 


M/SOrOij 

3 64N 
sodium 
acetate 

2M 

1 Ammonium 
j sulphate 

S’Siisr 

Aramoma 

, 

1 Observation 

0 C 

c 0 . 

o.c. 

0.0. 


2'0 

0’7 

0*5 

07 

No jelly. 

20 

ro 

0*5 

07 

Trauijluoent jelly ia 
2| hrs. 

20 

rs 

0*5 

07 

Transluoent jelly in 
H hrs. 

2'0 

1*5 

i 0*5 

07 

Clear solution, no jelly 

20 

1-5 

i 0*6 

ro 

Firm opaque jelly in 
2 hrs. 

20 

rs 

: 0*2 

0*7 

Trausluoent jelly in 

1 hr. 

2-0 

i 

i 0-7 

0 7 

Opaque jelly in 2 hrs. 

20 

1*3 

1 1*0 

07 

Opaque jelly m 2| hrs. 

2'0 

1 ro 

0*6 

0-5 

Clear solution, no jelly. 

2-0 

I ro 

! 

; 05 

1 0 

Translucent jelly in 
15 hrs. 

2*0 

1 ro 

Oo 

1*3 

Opaque jelly in 2k hrs. 

I'O 

ro 

0 5 

07 

Opaque jelly m 22 hrs 

0‘5 

r fl 

ro 

0*5 

07 

Loose jelly m 24 hra. 


By studying the influence of the variation of the con- 
centration of these reactants it has been observed that as 
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m the case of ferric hydroxide, a mimmum amount ol 
sodium acetate is necessary for a given amount of chromic 
chloride for the jelly formation. Similarly, the addition 
of greater quantities of arnmoninm sulphate always gives the 
jellies of weaker texture m a longer time. The regulation 
of the quantities of ammonia is also an important factor 
in the formation of this jelly ; and a sufficient quantity 
of ammonia ("whiGh is much greater than was necessary 
for the preparation of ferric hydroxide jelly) has always to 
be added before a jelly could be expected. 

The jellies obtained by dilute solutions of chromic 
chloride are translucent, but those with concentrated solu- 
tions are opaque. The jellies are very stable and of fine 
texture, and do not undergo any marked syneresis. 

The jelly prepared by Weiser’s method (loe. oit.) by 
the addition of the excess of caustic alkali to chromic 
chloride solution is green and not so fine in texture as 
obtained by our method. The jellies which w*e have de- 
scribed are violet in colour and resemble those of Eeinitzer, 
though we have prepared them at the ordinary room 
temperature. 

Aluminium Hydroa^ide Jelly . — Not much work appears 
to have been done on this jelly. A sol formed by peptising 
sufficient amount of hydrous alumina to form a viscous liquid 
has been observed to set to a jelly on standing. The jelly 
breaks up on shaking and cannot be re-converted to the gel 
form. Schalek and Sxegvary^ prepared a sol by Crum’s 
method which set to a jelly on the addition of a suitable 
amount of electrolyte just below the precipitation value. 
On shaking, the sol was re-formed which again set to a jolly 
on standing, thus exhibiting thixotropy. It has also been 
observed that a jelly may be formed by peptising hydrous 
alumina with acetic acid but shaking converts the jelly into 
a gelatiuoufl precipitate that is not re peptised 

Folloirt 33 328 (10‘?d) 
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r le prepTrati n of 1 1 b jel y by the usoa 1 rakash and 
Dhar’s method^ requires more legulation of the coucen* 
tjations of the reactants than iron or chromium liydroxide 
jellies. To M/’2 solution of aluminium nitrate are added 
varying concentrations of 3'54 JST sodium acetate and 2i[ 
ammonium sulphate, and then a little of 5’81 N ammonia 
is added, drop by drop -with constant stirring, and thus 
a clear colourlo.ss solution is obtained which soon develops 
opalescence on standing, and if the concentrations are 
favourable, firm translucent or opaque jellies are obtained. 

In some cases, the opalescence of those jellies increases 
witii time and finally even translucent jellies become opaque. 
Some of the concentrations for the pioparation of tliese 
jellies are given below 

Table III 


Total Volume — 5 cc. 


M/2 

A1 (KOj)3 

3 64N 
8odium 
aoetate 

2M 

Ammonium 

sulpliate 

6 81N^ 
Ammonia 

ObserTStion 

C. 0. 

0, 0 

0 , c. 

0. 0 


a'O 

ro 

1 

05 

0-5 

Transparent jelly in 
3 days. 

2-0 

' ro 

07 

0-5 

Translucent jelly 

withm 22 hrs. 

2-0 

1-2 

07 

0*5 

Precipitate, no jelly 

2-0 

1 0 

1 0 

0*5 

Translucent jelly in 
22 hrs 

2-0 

ro 

1 2 

0*6 

Opaque jelly in 22 hrs. 

2'0 

I'O 

05 

0*6 

Translucent jelly in 
27 hrs. 

2'0 

ro 

05 

0*7 

White precipitate, no 
jelly. 

2 0 

I’O 

O'T 

0*3 

IVansparent jelly in 

3 days. 

2*0 

ro 

0-7 

0*4 

Transparent jelly in 
26 hrs. 

* ro 

I'O 

0-7 

0*5 

No jelly. 

2Cof0 75M) 

1 1 

0 7 

0-5 

Translucent jelly in 

2 days. 

2(ofO‘7BM)' 

ri ‘ 

OT 

oe 

Prec’pitate no jelly 
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There appears to be a very limited range over which 
the quantity of sodium acetate could be varied. The addi- 
tion of large amounts of aramoniuin sulphate slightly de- 
creases the time of setting, but increases the opacity of 
the jelly. It has also been observed that greater the con- 
centration of ammonium sulphate, the less would be the 
amount of ammonia necessary to give a jelly. The addition 
of ammonia in large quantities, however, gives either 
opaque or loose jellies or precipitates. Aluminium hydroxide 
jelhea prepared by our method are very stable, quite 
uniform in texture. 

Stannic Hydroxide Jelly — It has been observed^ that 
when a colloidal solution of hydrous stannic oxide is evapo- 
lated, a transparent jelly is obtained, whilst precipitation 
with electrolytes is said to give always a gelatinous preci- 
pitate, but no jelly. Weiser^ prepared colloidal stannic 
oxide by Zsigmondy’s method, i.e., by allowing a small 
amount of stannic chloride-hydrate to stand in a large 
amount of water for three days, and washing the resulted 
hydroxide by the aid of ceutnfuge until it was so free from 
chlorides that it started to go into the colloidal solution. 
Several of these washed portions were combined, shaken 
np with water containing a small amount of ammonia, 
and allowed to stand until the peptisatiou was complete. 
The excess of ammonia was removed by boiling which 
ages the colloidal oxide. The sol obtained in this way 
was mixed with different amounts of coagulating elec- 
trolytes, and allowed to stand for two days Under suitable 
conditions, this gave transparent jellies, and sometimes only 
cloudy jellies could be obtained. 

"We have prepared stannic hydroxide jellies by the 
addition of varying concentrations of 3 54 N sodium acetaie 
to M/2 solution of tin tetrachloride (liquid Kahlbaum) in 

’ Zeigmondy Spear Ohennstry of Oolloid'' 155 1917 

' J PhTfl OhefH 26 681 (1922) 
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presence of small quantities of ammonium sulphate. The 
solution soon deyelops opalescence and finally a jelly is 
obtained. The addition of ammonia is not necessary to 
obtain this jelly. 

In certain oases, it has been observed that where 
Btanmi! chloride solution is accompanied with free hydro- 
chloric acid as in the cases of hydrated crystals of stannic 
chloride, or an old solution of tin tetiachloride, the addition 
of ammonia is also essential to obtain a jelly. Some of the 
concentrations to give a jelly are given lielow : 

Table IV 

To^al Yolnnu — 5 c.r. 


M/2 

SnCl, 

3 B4N 
Sodium 
aoeldte 

2M 

Atnmotnum 

aulpbate 

1 581N 

Ammonid. 

Observation 

0. 0 

C. 0. 

0. 0 

i i 

c c 


2*0 

07 

0'5 

0 

Clear solution, no jelly. 

2-0 1 

O'O 

05 

0 

Opaque jelly in one day. 

2-0 

1 

0-5 

0 

Opaque jelly in one day, 
slight syneresis after 
two days. 

2*0 

1 2 

O'o 

0 

1 

Immediately opaque 
jelly, readily undergo" 
ing syneresiM. 

2’0 

ro 

O'O 

1 

0 

Opaque jelly m 14 
minutes, syneresis 

after 5 his 

2*0 

ro 1 

07 

0 

1 

Opaque jelly in 
10 minutes. 

2*0 

1 0 

09 

0 

Opaque jelly in 
2 minutes, syneiesis 
soon, starts. 

s -0 

0 7 

0 5 

0-1 

White opaque jelly in 
32 hra. 

2-0 1 

07 

1 

05 

0*2 

White opaque jelly in 
22 hrs 

2'0 

1 

1 

1 

1 Q 7 

1 

1 

0'5 

0-3 

Loose jellv immediate- 
ly, soon undergoing 
syneresis. 

..10 

i 0-5 

1 

O’l 

0 

Opaque jelly in 
10 minutes. 

ro 

0*4 

0*1 

; 0 

Firm opaque jelly in 
one day 



FOBMAnON OF llfOEGAOTO JFLLIEB 


131 


It has been observed that there is always a limited 
range over which the quantity of sodium acetate can be 
extended to give a jelly. The jellies obtained by the addi- 
tion of large amounts of either sodium acetate or aminoniUTn 
sulphate begin to break or synerise at once. The addition 
of ammonia is also necessary where the concentrations of 
sodium acetate and ammonium sulphate are insufficient to 
give jellies. 

Stannic hydroxide jellies obtained by the above method 
are opaque. Some of these are very stable, while otheis 
break up on ageing. 

Zirconium Hydroxide Jelllea - — It ivas, perhaps, for the 
first time observed by Rosenheim and Hertzraann,’^ and 
afterwards by Dhar and collaborators’ that zirconium 
hydroxide jellies can be obtained by the dialysis zirconia sols. 
If 10 per cent solution of zirconium nitrate be allowed to 
dialyse for about a week, a clear sol is obtained which when 
coagulated with potassium chloride or sulphate yields jellies 
or gelatinous precipitates according to the conditions. 
The jellies are perfectly transparent, and if the electrolyte 
added is not in too much excess, the jellies may be kept 
as such for months without undergoing marked syneresie 
If the coagulating electrolyte is added in excess, the jellies 
rapidly synerise. 

I have further observed that unstable translucent jellies 
of zirconium hydroxide can be obtained by simply adding 
sodium acetate to zirconium nitrate solution and allowing 
the mixture to stand for a few minutes. The addition of 
sulphate ions is not essential, though favourable for the 
formation of the jellies as has been shown in the following 

table : — 


-ly 


Ber dO 810(1907) 

' J Indian Ohem. boo 5 809 (1928) 
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Table Y 

Total Volume dec 


M/2 

Zircotsmm 

Nitrate 

S34N 

Sodium 

acetiate 

N 

K^SO. 

OuaerTatiioit 

C, C. 

0. C, 

Cm C* ' 


1 0 

03 

0 

Gear solution, no jelly. 

10 

0 5 

0 

Translucent jelly m 2i rmns 

1 0 

1 07 

0 

1 J 

-^2 jj 

2-0 

04 

0 

Gleai solution, no jelly 

2-0 

0 5 

0 

Translucent jelly m 4 mins. 

2’0 

07 

0 

Opaque jelly m } min. 

30 

0 5 

0 

No .jelly, ciear solution. 

30 

0 7 

0 

Translucent jelly in 1 rain. 

40 ! 

07 

0. 

1 No jelly, clear solution 

40 ' 

10 

0 

j Opaque jelly m 10 secs. 

2*0 

0 4 ’ 

01 

i Tianslucent jelly in 5 mins 

20 

04 

0'2 

1 Opaque jelly in i min 

2*0 

04 

03 

j „ „ 5 secs 


The addition of amraoniaie not necessary for the preparation 
of this jelly The jellies obtained by our method 
are opaque or translucent at tlie time of setting, but even 
translucent jellies become opaque on standing for some time. 
Some of the zirconium hydroxide jellies are stable, whilst 
others melt, break or synerise after a time. The jellies 
formed by coagulating the sol obtained by dialysing the 
solution of zirconium nitrate are far the more transparent 
and stable. 

Oofper Hydroxide Jellies — It appears that copper 
possesses less tendency towards the development of hydration 
in comparison with the metals so far considered, and as 
such, it is difficult to prepare good cupric oxide jellies. Per- 
f hapa, it was Foerster^ who for the first time attempted to- 
prepare a jelly of copper. He observed that a jelly is 


Ber 35 3416 1892 
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formed by the hydrolysis of a solution of cupric ammonium 
acetate, Cu(C 2 H 302 ) 2 , 2 NH 3 . Finch^ also made a 

similar observation, Weiser^ has reported that much more 
stable jellies are obtained by precipitation of a suitable 
amount of colloidal oxide at a suitable rate, ie , by adding 
ammonia to cupric acetate in the presence of a small amount 
of sulphate and allowing the unstable colloidal solution to 
precipitate spontaneously. The solution obtained is perfectly 
clear at the outset but precipitation starts after intervals 
varying from a few seconds to several minutes depending 
upon the relative amounts of the three components. A firm 
jelly, according to AVeiser, which remained unbroken for 
weeks is obtained by mixing 5 c.c. of 3N ammonia to 
25 c.c. of 0'75N Cu(C 2 H 302)2 containing 2 c.c. of 
N-K2BO4. 

Manganese dioxide Jellies — The sol of manganese- 
dioxide is evidently lyophobic, and it is difficult to expect a 
jelly out of it. However, an unstable jelly (which is more or 
less a sort of pseudo-jelly) has been successfully obtained by 
Weitzemann.^ According to his method, 5 gms. of glucose 
are dissolved in 20 c c. of warm water. The mixture is now 
cooled in ice-bath- A few c.c. of 10 per cent caustic soda are 
added and 100 c.c. of potassium permanganate (60 gms. per 
1100 e.c.) are added through a dropping funnel in five 
minutes while agitating the mixture in an ice-bath. The 
mixture rapidly becomes viscous and in 5 to 10 minutes, 
sets into a stiff jelly. In such jellies, the syneresis soon 
starts, and after a few days, a limpid stable sol is obtained. 
With quite low concentrations, the jelly forms slowly and 
does not liqnefy, while with relatively high concentrations, 
the jelly stage is not attained, as the highly viscous liquid is 
rapidly transformed to a sol. In a communication, Prakg.sh 


’ A PJays. Ofaem.. 26 (1914). 

* lb d 57 665 (1923 

’ J Amer Ohem. Soo 37 1062 (1915 89 27 1917) 
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and Dhar^ have studied the nature of the syueresis of this 
jelly. 

Scundtum Oxide Jellies - — This jelly has not attracted 
much attention, simply Bohm and !Niclassea^ made some 
observations with it By dialysing’ a solution of scandium 
chloride, SoCIa, to which ammonia is added short of pre- 
cipitation, a hydrous sol results which sets to a jeliy when 
tieated with suitable amounts of electrolytes It appears 
that this jelley also exhibits thixotropic property* for on 
shaking under favourable conditions, it is transformed to a 
sol condition, and again reversed to a gel state on standing 
quietly. 

Erbium Oxide Jelly - — Bohm and Hiclassen’ used the 
method of the preparation of scandium oxide jelly in the 
preparation of erbium oxide jelly They dialysed a solution 
of erbium nitrate to which ammonia was added short of 
precipitation The sol thus obtained sets to a jolly on adding 
a suitable amount of coagulating electrolytes 

Gene Hydroxide JeZZy.— Perhaps, Biltz** was the first to 
obtain this jelly, but Feruan and Pauli‘S were the first to 
make an important investigation of the various properties of 
the sol and they also observed that g and y rays from 
radium act on it in niuchthesame manner as coagulating elec- 
trolytes. The sol on the prolonged exposure gives the jelly. 

Ceric hydroxide jellies are best prepared by coagu- 
lating the sol obtained by the dialysis of a 10 per cent ceric 
ammonium nitrate for about 5—7 days. Krnyt and van der 
Made® observed that if the dialysis foe carried to suffi- 
cient extent, the sol sets itself to a firm jelly. This jelly 
returns to the sol condition if shaken up with a quantity 


‘ J. Indiun Ohem. Soc„ 7 , 417 (1930). 

* * Z. aoorg, Ghem 132 , 6 (1924) 

’ Loo. oit 

* Ber., 8Sj 4435 (1902); Z. auorg Ohem,, 168, 96 (1927). 
' KoUoid-Z - 20 20 (1917) 

' Beo Trav Chim 4 42 277 1923 
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of freshly dialysed sol, Kitric acid is undoubtedly a 
peptising- agent in the sol, and thus the sol is more stabili- 
sed in its presence. Dhar^ further studied this jelly. 
It appeals that the tempeiature at which the dialysis is 
carried has much influence upon the gelation properties of 
this substance, The higher the temperature of dialysis, the 
less is the hydration tendency developed by the particles. I 
have observed that if ceric ammonium nitrate be dialysed 
at the temperature of tropical summer, the sol yields jeliies 
only with difficulty. The jellies are more readily formed 
if the coagulation is affected by iodide ions than with 
chloride or nitrate. 

Ceric hydroxide gives transparent jellies, some of 
which are very stable and can be preserved as such 
whilst others undergo marked syneresis in the course of 
time Certainly, this depends on the purity of the sol and 
the concentration of the coagulating electrolyte used in the 
preparation of the jelly. 

Desai^ has observed that the time required for the 
gel formation in the dialyser decreases considerably and 
the degree of the hydration of the gel increases with the 
rise in temperature at which the dialysis is carried out. 
However, I am of the opinion, that as the temperature 
increases the degree of hydration must decrease provided 
the other factors are the same In the experiments of 
Desai, the apparent increase in hydration is not directly 
due to the increase in temperature, but to the fact that at 
higher temperatures, the process of dialysis is quicker and 
thus the sol is more readily purified, and certainly, the 
greater the purity of the sol, the less would be the time 
of gelation- 


‘ Cbakpavarti Ghosh and Dhar Z anorg Ohem 164 63 (1927) 
* KoUoid Ohem Beiii 35 422 1928 
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Msrc'urk Os%de Jdlij- — Reynolds^ was the first to 
observe that mercuric oxide is capable of givinjr jellies m 
non-aqueous medium, and this jelly was further studied by 
Eunce^ in details. They obserred that by adding mercuric 
chloride to a normal solution of KOH containing 40 e.c. of 
acetone, a sol is obtained which sets to a firm jelly on 
standing, the time required depending upon the concentra- 
tion of the sob 

The easiest method, according to Ennce, is to dissolve 
30 gms. caustic potash and 20 c.c. acetone in 500 o c. water 
and to add slowly a saturated solution of mercuric chloride 
The mixture is continuously shaken, till tlie appearing 
precipitate goes on dissolving, and the first faint permanent 
precipitate occurs The mixture is allowed to stand for 
some hours. After a short time, white opalescence deve- 
lops, and finally, if the concentrations are favourable, white 
solid opaque jelly ia obtained* In some cases, jellies with 
permanent snpernatent liquid are obtained. 

Bunco has further observed that the addition of 
potassium sulphate or sodium nitrate has no apparent effect 
on the gelation. Addition of potassium carbonate caused 
the formation of a viscous milky liquid, while cobalt sulphate 
or copper nitrate caused the formation of a granular preci- 
pitate. With sodium acetate, a jelly-bke structure was 
obtained but not a real jelly. 

A slight rise in the temperature causes a mixture to 
gel more quickly, but heating for 5 minutes or naore at 
temperatures above 63° seems to prevent the formation of 
j’ellies. Bunce observed that it is impossible to get a jelly if 
the mercuric chloride is originally contaminated with a 
mercurous salt. 


' Proc- Roy- Soo- 19 - 431 (1871). 
‘ J Phye Ohem 18 269 (1914) 
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Magnesium Hydroxide Jelly. — Recentij, Kroger and 
Fischer^ have reported the formation of magnesium 
hydroxide jelly. It has been prepared hy adding water to a 
3 per cent solution of magnesium eth oxide in methyl alcohol. 
Such a gel is not very stable and rapidly undergoes syneresis, 
the more readily the higher the concentration. The ge! 
may be stabilised by the addition of glycerol, glycol, etc., 
due to the poptising efi'eot. By using water, glycerol and 
alcohol m proportions of 5 : 10 : 10, a plastic glass clear 
gel which is stable for months can be prepared Mixed 
gels have also been obtained. 

Nickel Oxide Jelly — Tower^ has described the prepara- 
tion of this jelly by dissolving nickel acetate in glycerol to 
which an alcoholic solution of caustic potash was added. A 
green gel was obtained by this method, which on standing 
undergoes syneresis, but the dialysis of this sol once more 
formed a gol on removal of KOH. 

Another method for the preparation of the jelly consists 
m mixing equivalent concentrations of nickel tartrate and 
caustic potash. When the solutions are as concentrated as 
normal, precipitation tabes place slowly, giving a transparent 
green jelly. 

Aesekate Jellies 

Some of the arsenate jellies rank amongst the best 
in the whole of ouv literature The metals which could 
successfully give arsenate jellies are manganese, zinc, iron, 
chromium, thorium, tm and cerium. 

Manganese Arsenate -Deiss^ has claimed for the 

priority in the case of this discovery. The jellies are pre- 
pared by mixing manganous chloride and potassium arsenate 
(KHs AsOi) solutions in right proportions Deiss observed 
that the jellies thus prepared are very stable and can usually 

' KoUoid-Z., i7, 5 (1929). 

^ J Phys Ohem 36 733 (1922) 

‘KoUoidZ U 139 1914) IS. 16 1916 Z anorg Ohotn 

116 228 (1921 
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be kept for >¥eets wit-iout appreua„.t cliange. Soonep or 
later, liO’weYer, rose-coloured crystals begin to separate. 
Xleitip and Gyulai^ obserTed that by the successive addition 
of ammonium sulphate, acetic acid and excess of sodium 
arsenate to solutions of zinc, ferrous, manganous, cobalt, 
cadmium and calcium salts, the colloidal solutions of the 
arsenates of these metals are obtained in the form of 
opalescent jellies. Crystals begin to separate from these 
jellies when kept for some time. In the absence of acetic 
acid and ammonium sulphate, these solutions yielded only 
gelatinous precipitates, but no jellies. 

The further work on this jelly is of Kraemer" and 
Weiser.® Kraemer obtained this jelly by the addition of 
manganons sulphate to the solution of potassium arsenate 
He studied the effect of various anions and cations on its 
gelation. He observed that the lowering of the temperature 
favonis the jelly formation. The time of gelation of this 
jelly cannot be much extended beyond 10— 15 seconds. A 
slight warming of the solutions always hastens up the 
beginning of the gelation. It appears that the rise of 
temperature is necessary to start up the process of jelly 
foi mation. 

Zinc Arsenate JelUes . — Manganese and zinc arsenate 
jellies aie indistinguishable. Both are perfectly transparent 
and stable. Sometimes they undergo slight syneresis. Zinc 
arsenate jollies were for the first time prepared by Kdemp 
and Gryulai."^ They have obtained this jelly by the addition 
of potassium dihydrogen arsenate to a solution of zinc 
sulphate. According to them, disodiuin or trisodium 
a! senates, jN‘a 3 HAs 04 or Na 3 As 04 , if previously neutralised 
by the addition of hydrocliloric or acetic acid also yield 

' Ibid , IS, 202 (1914). 

‘ Colloid Symp. Mono. Wisconsia, 1, 62 (1923). 

’ J Phys Chem 28 26 1924 

* Koiloid-Z 22 57 (1918 


FOBKATIOK OF mOB.(JA3n:0 JELLtBfi 


139 


jellies. Crystals appear to separate out of these jellies aftei 
two or three mouths. Weiser^ has also made some 
experiments on it- 

Feme Arf^enaie Jellies . — Manganese and zinc arsenate 
jellies were prepared by the metathetical reactions of the two 
salts. Howe-ver, the method coulJ not be successfully 
employed in the case of other jellies. The credit of the pre- 
paration of excellent jellies of feme onrl chromic arsenates 
goes to Holmes and Ivis co-workers However, Grimaux^ 
was the lirst to obtain this jelly. Holmes and Arnold^ 
observed that precipitated ferric arsenate is readily peptised 
by ferric chloride, ferric sulphate, or ferric nitrate. On 
dialysis, these colloids yield gels of excellent clearness and 
texture, except in the case of ferric sulphate, whereby a 
powdery coagulara is obtained. 

The best method of the preparation ot this gel is to 
coagulate the sol obtained by dialysing a mixture of ferric 
chloride in excess and potassium arsenate. Potassium 
arsenate when added to a solution of ferric chloride gives 
a yellowish wliite precipitate which dissolves on shaking, 
in the presence of the excess of feme chloride. The 
addition of potassium arsenate is stopped when about three- 
quarters of the ferric chloride has been transformed to the 
arsenate. The solution at this stage is faint yellow in 
colour. The mixture is now allowed to dialyse for about 
a week. It gradually develops red colour as the process 
of dialysis proceeds on, which. Holmes and Arnold rightly 
think to be due to the formation of feme hydroxide sol by 
the hydrolysis of a little quantity of ferric chloride which 
was present there in excess. The sol, purified by dialysis, 
gives excellent transparent and stable jellies on the addition 
of electrolytes like potassium chloride or sulphate. The spl 


’ Lioc. oit. 

■ Oompt Bend 98 1640 1884) 

* J Amer Chom. Soo 40 1014 (1918 
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18 positively charged and not negative as Holn es^ w is led to 
think. If the dialyais is eontinned for a long time, the 
sol sets to a transparent jelly in the parchment dialyser 
Highly purified sols set themselves to jellies on ageing 
’without the addition of foreign coagulating electrolytes. 
If the ferric chloride is not sufficient to pe[(iise the ’whole 
of arsenate and still to remain m eveessj the euidy or 
opalescent jellies are obtained. 

Chromte Arsenate Holmes^ and co-'^'orkers 

have also prepared chromic arsenate jellios. The method 
of the preparation is exactly the same as was used in the 
case of feme arsenate. A mixture of chromic chloride in 
excess and potassium arsenate (KH., As 0 () is dialysed for 
about a week and the clear greenish sol is coagulated by 
the addition of potassium chloride or sulpiiate, whereupon 
a clear transparent greenish gel is obtained. The jelly 
18 very stable and can be preserved witiiont undergoing 
any change. In the course of time, it acquires the vibrat- 
ing property, and so does feme arsenate jelly too. When 
sufficiently purified by dialysis, the sol sets to the jolly in the 
dialyser itself or in the bottle when allowed to age without 
the extra addition of coagulating electrolytes. 

Mention has been made by Weiser” of the preparation 
of other arsenate jellies of cadmium, cobalt, aluminium, 
ferrous, etc., but the results are not much encouraging, 
and the jellies obtained are not fine in texture. 

Thorium Arsenate Jellies — Prakash and Dhar^ have 
obtained for the first time the jellies of thorium arsenate. 
These jellies resemble manganese and zinc arsenates in their 
mode of preparation but differ from them in being slightly 
turbid and also in the fact that they require much higher 
concentration of arsenate solutions for the proparation- 

' J. Amer. Ohem. Soo , 38 , 1072 (1916). 

* Loo. on. 

J Phye Cbera 28 *^6 {19'^4) 
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POBltATION OP rsfORGANIO JELiUDEg 


143 


When to a thorium nitrate solution, a few drops of 
potassimn arsenate solution are added a gelatinous preci- 
pitate appears which rapidly dissolves on shaliug in the 
presence of an excess of thorium nitrate solution. The solu- 
tion develops viscosity and hnallv the whole mass sets to 
an opah'scent jelly. The best jellies of tlioiiuin arsenate 
are prepared by taking 5 c c. of a solution of thorium 
nitrate (12‘035 gras, in 250 c.c ) and adding to it 0'2 c.e. to 
0‘4 c.c. of IS per cent potassium arsenate solution raised to 
1 c. 0 . The mixture is shaken for about 2 minutes, and then 
allowed to set. The time of setting can be extended froni 
tliat of a few minutes to about 24 hours by varying the 
concentrations of potassium arsenate. 

These jellies are almost transparent with slight opales- 
cence. In some oases the opalescence increases with time 
and the jellies ultimately become translucent or opaque. 
The jellies are very stable and do not undergo any 
syneresis. 

Stannic Arsenate Jelhes- -This jelly has also been for 
the first time prepared by Prabash and Dhar.^ Stannic 
chloride solution when mixed with potassium arsenate solu- 
tion gives the precipitate of stannic arsenate, but if stannic 
chloride be in excess, this precipitate dissolves and a clear 
colourless solution is obtained which on keeping develops 
opalescence and finally sets to an opalescent jelly on 
standing for some time. 

Stannic arsenate jellies are opalescent or translucent 
at the time of formation, but they become opaque after- 
wards. The opacity increases more rapidly with the 
concentration of the potassium arsenate solution. However, 
the jellies are very stable, and do not undergo any marked 
syneresis. 

The best stannic arsenate jellies are obtained by 
m ixing 3 e.e. of M/1'099 stannic chloride solution with 

Loo cit 
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about 2 c c f 18 per rent potassium arsenate bo ution 
keeping the total volume 6 c.c- The time of setting of the jelly 
vanes with respeot to the ooncentratiou of the reactants. 

Ceric Arsenak Jellies- — This jelly has also for the 
hist time been prepared by Pra leash and Dhar.'' When a 
solution of potassium arsen-ite is added to eerie ammonium 
nitrate solution in small quantities and allowed to stand, 
the yellow opalescenee develops after a time, and under 
suitable concentrations the whole mass sets to a fine trans- 
parent or opaque jellv. 

Some of these jellies are loose and in almost all the 
cases, they undergo syncresis within 12 — 24 hours, and 
finally break up- The best jellies are obtained by taking 
4 o.c. of 10 per cent ceric ammonium nitrate solution and 
adding to it 0‘2 to 0 4 c.e. of 18 per cent potassium arsenate 
solution keeping the total volume 4'5 c.c. The time of setting 
of this jelly cannot be extended beyond one hour. 

Phosphate Jellies 

Manganese and zinc do not appear to give phosphate 
jellies, though their arsenate jellies of the best texture 
are obtained with the least difficulty. The phosphate jellies 
so far prepared are of ferric iron, thorium and tin. 

Ferric Phosphate Jellies . — Holmes and Rindfiisz^ were 
the first to observe that a sol of ferric phosphate sets to 
jellies when coagulated by the addition of electrolytes, or 
when dialysed for a long time. The mode of the prepara- 
tion of ferric phosphate jelly is exactly tiie same as was 
used in the case of ferric arsenate jelly- To about a normal 
solution of ferric chloride is added potassium phosphate 
solution abort of precipitation, the amount of ferric chloride 
^remaining in. excess. The mixture is now allowed to 
dialyse for about a week. A clear red sol is obtained, 

* J Indian Ohera. Soo,, 7, 367 (1930). 

* J Amer Cl em Soo 38 1970 (1016) 
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which ^’iVGS transparent stable jellies on coagulation with 
electrolytes as potasainm chloride or sulphate. The sol 
when highly panhed by dialysis also yields jellies on ageing 
by itself without adding any electrolyto, 

Holmos and Arnold’ haTe observed that a gel oiiginat- 
im from the diammonmni hydrogen phosphate {in a 
series of unwashed precipitates) sets in three days, the gel 
from the disodiuin salt m eight days and as might have been 
expected, that from a combination of these two, soctinni 
ammoninm hydrogen phosphate, in intermediate cinie, say 
hve days. However, the best gels are obtained by the use 
of potassium dibydrogen phosphate. 

Chronuu.ni and AlMinmiiim FJmpkate Jellies- — Holmes 
and Eindfusz (loc* cit.) have observed tliat similar to ferric 
phosphate jollies, aluminium and chromium phosphate jellies 
can also be prepared by coagulating their sols obtained by 
the dialysis of the mixtures of tlieir chlorides or nitrates 
and potassium dihydrogen phosphate However, not much 
work has been done on these jellies. It appears that 
aluminiam aud ohroiuium phosphates have less tendency 
of developing hydration, and consequently, their jellies 
are not so readily prepared as in the case of ferric 
phosphate. 

Thorium Phosphate Jellies ,' — These jellies have been 
for the first time piepared by Prakash and Dhar.^ They 
are prepared with the same ease as zinc and manganese 
arsenate jellies, and are amongst the most beautiful of the 
jellies 80 far prepared. They are perfectly transparent and 
free from opalesoencef and so stable as could be kept 
as each for months without apparently undergoing any 
chango or sj'noresis. The jellies are of the best texture 
and markedly elastic. The time of gelation in their case can 
easily be extended over a very long period by regulatftig'’ 

' J Araer. Ohetn. Soo.. 40 , 1014 (1918)- 
’ J Indian Chein Soo d 6t?” 1920 
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the concentrations of tie reactants Ihesc are the first 
phosphate jeluawhch lal been prepared raetat letically 

5 o.c. of a solution of thorium nitrate (12'035 gms in 
250 c-c.) are taken in test tubes and Tarymg amounts of 
22 per cent potassium phosphate solution (about 0 ‘2 to 0'4 e c.) 
are added, keeping tlie final volmrio 6 o.c. The mixtures are 
shaken ^\’ell for about 3 minutes and then allowed to stand. 
The time of the setting of the jellies depends upon the con- 
centration of potassium phosphate used. By regulating its 
concentration, the time of gelation can be extended from that 
of a few minutes to that of three days. Thorium phosphate 
jellies are so stable that they do not break or syaerise in 
even months and may be preserved for over a year. 

Stannic Phocphnie JoLUeH ’ — This jelly has also been pre- 
pared for the first time by Prakash andDharP It is prepared 
exactly in the same way as stannic arsenate jellies with which 
it resembles in every respect. The host stannic phosphate 
jellies are obtained by adding 1 to 3 c.c. of 22 per cent 
potassium phosphate solution (KHs PO 4 ) to 3 o.c. of M/r099 
stannic chloride solution, and making the total volume 6 o.e. 
The transparent mixture so obtained develops opalescence 
and finally translucent or opaque jellies are obtained. 

These jellies are also very stable and exhibit no marked 
syneresis. Tiie opacity of these jellies increases on standing 
and finally, all the jellies become completely opaque. 

Molybdate Jellies 

No molybdate jellies had been previously prepared 
before wo undertook the work. Prakash and Dhar^ have 
for the first time prepared the molybdate jellies of iron, 
thorium, tin and :?;irconium. 

Ferric Molybdate J elites hen potassium molybdate 
solution IS added to a ferric chloride solution, a yellowish 
while precipitate is obtained which dissolves on shaking if 
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feme cWoriJe is in excess. The clear mixture on sta.mling' 
for some tune dovciops opalescence and finally, if the 
concentrations are suLtablo, the whole mixture sets to a 
film opaque jelly. 

Feme molybdate jellies are obtained by adding varying 
amounts (3 5 to 5 e.c.) of 10 per cent potassium molybdate 
solution to 4 e.c, of M/2‘f)9 ferric chloride solution, keeping 
the total volume to be 10 cc The clear mixture obtained 
by well-shaking the constituents sets to Srra opaque jelly 
within a day or so. 

Thorium Mohjhdcde Jellies — When potassium molybdate 
solution IS added to thorium nitrate, a white precipitate 
of thorium moijbdote occurs, but if the mixture is vigorously 
shaken, the precipitate goes ou dissolving till a clear vis' 
cons solution is obtained. This mixture on standing for 
some time, sets to a transparent colourless jelly, The=!e 
jellies are very stable and do not synense The beet of the 
thorium molybdate jellies are prepared by adding about 
0'5 to 0‘8 G.c- of 10 imr cent potassium molybdate solution to 
5 c 0 . of thorium nitrate solution (12*085 gms. salt m 250 
cm.) making tlie total volume 6 c.e*, and allowing the mix- 
ture to stand for 5 minutes or so. Some of the molybdate 
jellies prepared by the use of comparatively highei con- 
centrations of potassium molybdate break up in the course 
of 10—12 days leaving a white powder 

Stannic ^lohfhdate Jellks.—'Eo jelly has been obtained 
by directly mixing the solutions of potassium molybdate 
and stannic chloride whereby a white precipitate of gelatin- 
ous nature is only formed- However, if potassium molyb- 
date (15 per cent solution) be added below precipitation value 
to stannic chloride solution and the mixture is allowed to 
dialyse for 24 hours, a clear sol with slight opalescence ,is 
obtained. The sol is fairly stable and sets to translucent 
firm jellies on the addition of coagulating electrolytes Hkc 
potaBBinm chloride ot su phate Like other stann c jo les 

^ I! 
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these are almost transparent though accorapanied -with slight 
opalescence, at the time of formation, but become opaque 
on keeping for some time. 

Zircon mm Molybdate Jellies . — -When potassium molyb- 
date solution is added to zirconium nitrate solution, a 
white precipitate of zirconium molybdate is obtained which 
is easily dissolved by an excess of zirconium nitrate on 
shaking. In this way, a sufficient amount of zirconium 
molybdate can be peptised and a concentrated sol obtained. 

This sol on dialysis gives suitable jellies when coagu- 
lated with electrolytes like potassium chloride or sulphate. 
If the dialysis were carried for a long time, the sol either 
sets on the parchment paper or gives a transparent jelly on 
standing for some days without the addition of electrolytes 

Some of the jellies prepared by the coagulation of the 
Bol by potassium chloride develop opalescence and may 
even become opaque. 

A sol prepared by adding 10 per cent solution of 
potassium molybdate to 70 c-c. of M/l’BB zircouiura nitrate 
till the precipitate obtained just dissolved in excess of 
zirconium nitrate and dialysed for 36 hours gave good 
jellies with N-KCl or N/5 potassium sulphate. Strength of 
the sol was 50'3 gm- zirconium molybdate per litre. 

Tungstate Jellieb 

No tungstate jelly has ever been prepared before* Prakash 
and Dhar^ have prepared ferric tungstate, chromic tungstate, 
stannic tungstate and thorium tungstate jellies. No jellies 
have yet been prepared of the tungstate of ceric or zirconium. 

Feme Tungstate Jelhes . — Ferric tungstate jellies have 
been obtained by two methods: firstly, by directly mixing 
ferric chloride with sodium tungstate, and secondly, by 
dialysing and coagulating the sol obtained by peptisiug 
ferric tungstate with excess of ferric chloride- 
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When 1 0 per cent solution of sodium tungstate m added 
to M/2 ferric cblonde, a bulky precipitate is formed which 
dissolves to some extent on vigorous shaking- If the 
mixture be 'warmed in a water-bath at for 5 minutes, 
it is completely dissolved, and a clear transparent yellow 
solution is obtained which sets to fine yellow opaque jelly 
when the concentrations are suitahle- 

A. yellow opaque jelly is obtained by mixing 2 c-c. 
of M/2 feme chloride with 3 c.c. of 1 5 per cent sodium 
tungstate, and warming the mixture for 5 minutes at 95°C. 
These jellies resemble ferric molybdate jellies and are very 
stable- 

More transparent jellies are obtained when a mixture 
of sodium tungstate and feme chloride in excess is dialysed 
and the sol thus obtained is coagulated with electrolytes 
To 75 c-o- of 0‘929 M ferric chloride solution was added 
a solution of 16 5 gms. sodium tungstate (Ka^WO^. 2HsO) 
with vigorous shaking and slight warming and the volume 
was made up to a htie. The mixture was filtered and 
dialysed for six days- The clear aol thus obtained contained 
21 ‘68 gms- ferric tungstate per litre and set to translucent 
jellies when coagulated with N-KCl or K/20 K2SO4. 

Chromic Tungstate Jellm- — When eodinm tungstate 
solution is added to chromic chloride solution, a bulky 
greenish white precipitate is formed- which slightly dissolves 
on shaking at the room temperature (25'’ — SO^C-j even when 
chromic chloride is present in large excess. However, 
if the mixture is warmed and shaken, a sufficient amount 
of chromic tungstate is peptised and it foz’ms a clear trans- 
parent solution. If this mixture is now allowed to dialyse 
for about ten days, a translucent sol is obtained which sets 
to a jelly on the addition of potassium sulphate- 

To M/1-5 chromic chloride solution, a 15 per cent 
solution of sodium tungstate was added, so long as the 
precipitate obtained cou d be reMmeo ved on warming The 
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23‘y6 gms chromic tnngstnte per litre was obtained. 

Firm opalescent jelhes were obtained by coagulating 
tbs sol with N/')0 potassium sulpluite Tlie period of 
setting could be eMendod to even two dai s Tlio sol set 
itsob to a gel when bept in a jena glass vessel for about a 
month 

Bluiinic T}'n<-/sf,i{te Jellie't — When stannic chloride solu- 
tion IS mixed with rodiiim tungntate nnd if there is not 
much of tlie free hvdrochlonc acid m the stnunie chloride 
solution, the clear mixtu''e develops opalescence and after 
some time, stable o[)aque Jellies of stannic tnngstato are 
obtained, 

2 c-o of I 3.' M stannic chloride solution were taken 
in test tubes and to it varying coneenti-atmns (3-d c.c.) of 
15 per cent sodium tungstate were added. The volume was 
made up to b c.c. The nuxtiire was thorougdilv shaken for 
5 minutes, when a tuibid solution was obtained. The sol- 
ution became quite clear when kept for another 10 minutes 
After sonic period, which differs according to the concen- 
trations of the tungstate, slight opalescence begins which 
intensifiGS and finally, an opaque jelly is obtained. 

The time of setting of these jellies can Le extended 
fiom that of an hoar to two days All these jellies are 
opaque, white, hard and stable, and do not undergo any 
ma'lced syneresis. 

Thorium Tuiu/date JdUea — When sodium tungstate is 
mixed with thorium nitrate solution, a white precipitate 
occurs, and no jelly is formed. Many concentrations have 
been tried but to no success- 1. 

^ ^ ETowever, if to 4 c c. thorium nitrate solution (12'06 ' b 

gms. litrel about O'5-l ce. of glycerine be added and then a 
few drops of 5 per cent sodium tungstate solution, the 
mixture at once becomes very viscous and in a short time 
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It sets to a transparent stable and firm jelly -w^hich does not 
undergo any marked syneresis, when kept for a nuinbei of 
days. 

Borate Jellies 

No work appears to have been done on the borate 
jellies before we undertook the investigations Prakash and 
Dhai’^ have prepared the ferric, stannic, zirconium and 
ceric borate j'ellies for the first time. 

Fen ic Borcde Jellies. 'When a saturated solution of 
borax is gradually added to fciric chloride solution, a bulky 
piocipitate occurs winch goes on dissolving on shaking, but 
when sufficient quantity of borax has lieen adiled, the feme 
borate settles down suddenly in the form of a bulky opaque 
jelly, which begins to syneuse soon and then it breaks up 
However, very transparent jellies of feme borate, 
similar to arsenate and phosphate, are obtained by dialysing 
a mixture of 60 c.c. of ferric chloride (H/2 69) and 45 c c. 
of 20 per cent borax, containing an excess of ferric chloride 
to peptise ferric borate- The clear red solution thus obtained 
was allow^ed to dialyse for thirty days The concentration of 
the sol was 11 78 gms. ferric borate per litre. It set to 
tiansparent stable red jellies wdien coagulated with 
N-potassium chloride or N/oO potassium sulphate. 

Stannio BoraU Jellies . — 'When a saturated borax solution 
obtained at 90°C. is added to 1 5 M stannic chloride solution, 
a white precipitate of stannic borate is formed which dissolves 
on shaking. If suitable concentrations are chosen and the 
mixture warmed at 90 — 95'’C a loose vviute opaque jelly is 
obtained which breaks up in a short time- If stannic 
chloride contains much free hydrochloric acid, which is 
always associated with hydrated stannic chlorides, stannic 
borate does not set even on warming 

To 1 5 M stannic chloride solution, a satnrated borax 
solution is added, and the mixture containing an excess 


Loo cit 
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of Btann c c onde wae ci a yaed for 24 hours A c ear 
transparent sol containing 66 4 gms Sn 02 per litie was 
obtained which set to transparent jellies with slight 
opalescence when coagulated by the addition of electrolytes 
potassium chloride or sulphate The sol itself becomes 
more and more viscous even without the addition of elec- 
trolytes and sets within 24 hours 

ZiriOHium Borate Jelltes < — /iiicoinuui borate jellies are 
obtained in the same way as ziiconium molybdate jellies. A 
hot concentrated solution of boras wms added to 70 e c. of 
M/1-33 zirconium nitrate solution till the precipitate of 
zirconium borate obtained just dissolved in the excess of 
zirconium nitrate- The solution was dialysed foi three days. 
The concentration of the sol thus obtained was 34'62 gms 
zirconium borate per litre. It gave transparent or opalescent 
jellies when coagulated by eleetrolitos, like ISl-KGl oi 
N/5 KsSO-j. 

It has been observed m the case of both zirconium 
molybdate and borate jellies that they are readily obtained 
when their sols are coagulated by potassium chloride but 
these jellies develop opalescence on standing. However, 
when the sol is coagulated by potassium sulphate, the 
jellies are more transparent and do not develop opalescence. 
The jellies are very stable, and if the coagulating electrolyte 

IS not m much excess, they do not undergo any marked 
sjneresis. 

Ceric Borate Jellies . — When a solution of borax is added 
to a solution of ceric arnmoniurn nitrate, a yellowish white is 
obtained which readily dissolves on shaking, if the ceric 
ammonium nitrate is in excess. If the mixture of the two 
substances is allowed to stand for some time, the contents 
are generally precipitated, though m some cases loose 
unstable jellies may also form. 

The clear solution formed by mixing 100 c.c. of 10 
per cent ceric ammonium nitrate and 35 c-cj of 15 per cent 
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bomx solution was dia yaed for 24 hours T le sol thus 
obUined not on y "aye a jel y ou treatmout wit i N/20 
potassium sulphate solution, but also on keeping for some 
time in a jena glass bottle, its -viscosity increased continu- 
ously and in the nest 2i uours, it set completely to an 
opalescent jelly. 

Another sol was prepared bv mixing only 30 c-c. of 
1 5 per cent borax solution to 100 c.c. of 10 per cent ceric 
ammonium nitrate. The mixture on dialysis gave a clear 
sol ID the course of 24 hours. The sol was quite stable and 
gave stable jellies on tlie addition of electrolytes. 

SuLKiruE Jellies 

The sulphide sols are more or less hydrophobic when 
compared to the sols of hydrous oxides- They do not appeal 
to develop hydration tendency -which is so essential for the 
formation of jellies. Any record of the formation of sulphide 
jellies is of Usher, ^ who appears to have gelatinised cadmium 
sulphide in the presence of suitable concentrations of sodium 
chloride. This metiiod he also employed for the preparation 
of gamboge jellies. 

Usher prepared a sol of cadmium sulphide by passing 
hydrogen sulphide through the thoroughly washed precipitate 
suspended in water. This sol was treated with varying 
quantities of sodium chloride and it was found to gelatinise 
if the concentration was between N/lOO and N/lO. Thus 
in a mixture in which the final concentration of cadmium 
sulphide was lAl per cent by volume, decinormal sodium 
chloride caused gelatinisation immediately ; twenty-fifth 
normal m two minutes and fiftieth normal after several hours. 

Yon 'WEmAUN .Tellies 

Yon ‘Weimarn has done a sort of pioneering work in the 
field of precipitation, and his laws in this connection have 

Proo. Roy. Soc-, A.. J25, 148 (1929). 
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le e v^ed d w^r i A^iproYAl in cert i n quartpre lie las 
becoHie successful in obtaining gJatinous precipitates 
fioiu ench substances which under ordinary conditions 
a,ie incapable of developing bydranon The moat important 
of his jellies is of baimm sulphate A saturate! 
bolution of baiiuru thiocyanate when riiiKed with a satuiated 
solution of nringanouR sulphate gives gelatinous preciirltate 
01 even a transparent jelly if tlie concentrations are fan!} 
legulated. At lower dilutions of the above solutions, oniv 
giauular precipitates are olrtair.ed. 

For the pi-eparation of Weimai'n-ieliies, the bighl} 
concentrated solutions arc required In the case of barium 
6 ul[)hiite lelly, we have found that barium acidate may be 
used with almost an equal success Kato^ olrtaiued stable 
gels by the interaction of sulphuric acid and barium acetate 
in an alcohol water mixture in which barium sulphate is 
more soluble than in water alone, thus developing a luglior 
degree of supersatnration. Similarly, Lenher and Tayloi^ 
prepared stable gels by the interaction of dilute solutions of 
banura chloride and sulphuric acid m selenium oxychloride, 
m wliich barium sulphate is almost entii-ely insoluble. 

Kato also observed that barium sulpbr.te precipitated 
from aqueous alcoliol comes down as a gel which forma a 
clear sol on shaking with a larger quantity of water. Strong 
adsorption of the alcohol, ho thinks, undoubtedly helps to 
pievent coalescence or growth of the colloidal particles, since 
a jelly formed from the aqueous solution does not form a 
stable sol on shaking with water- 

The jellies of various other spaiingly soluble salts liavc 
also been prepared by the interaction of the concentrated 
reactants. Buchner and have given the following 

table in which the values of which is the ratio between 


’ Msrn Cell rfci Kvnto Imp Univ, 187 (1909). 
“ J. Phys Ohem., 28 , 962 (19241 
* ftec IVav Ohi n 39 166 (l9"0 
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ant of sQijorsatnfBliion P, an'l soiQbility of the 


N=P/L 

lature of the precipitate have been illustrated. 


f 

Ti 

1 

5 

N 1 

Sttitfi of precipitate 

4xl0~^ 

i 

3,400 i 

Jelly. 

ISxlO"’ 

76 

Jelly 

3xl0~* 

140 

Jelly. 

1 2X10~" 

100,000 1 

Jelly 

[ 1 X 10“ " 

700,000 ' 

1 Oolloidttl, unstable 

7X10-’ 

8,000,000 1 

Cnlloidai, unstable 

' I'SxlO"® 

30,000,000 ' 

Jelly, nnatable 

4 8x 10“" 

360 

Colloidal. 
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IS been supposed by many authors that in the setting 
, tho first stage is of the formation of a get. Cavazzi^ 
ube^ for independent reasons suggest that the set- 
tiiis substance consists in the initial formation of a 
di gradually changes into needle-shaped crystals of 
Cavazzi liases his suggestion on the obsoTYation 
isuni oan be precipitated under certain conditions, 
gol in which small crystal needles are subsequently 


mm Chloride Jelhi. —Michael ^ observed that sodium 
formed by the interaction of sodium malonic ester 
racetic ester in dry benzene is stabilised in the sol 
1 by strong adsorption of one or more organic 
. It has been later observed that sodium chloride 
ly the interaotion of sodium ethylate or sodium 
ate and hydrochloric acid in a mixture of ether and 
ohol, is a jelly or gelatinous precipitate. 

* — n 

3 Chini Ital , 42, (2) 026 (1912); Kolloid-Z , 12, 198 (1913). 
oid-Z., 25, 62 (19191. 

, 28, 3217 (1905) 
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Cakium a elak jeUu Baskc \i t ol served that if 
So e e of *^5 i cr ennt i o ho bo iiixed eeit 1 ) e c of the 
saturated solution of calcium acetate m water, tbe whole 
mass of the alcohol sets to a line solid transparent jelly. 
The jelly underTTies syneresis in a sliort tiiiie The alcohol 
of the jelly can be replaced exactly m the same manner 
by acetone. 

Recently, Thorne and Smith^ have studied this jelij 
in details- Thej prepared the jolly hy pouring a saturated 
aqueous solution of caiciuni acetate into alcohol. Most of tiie 
gels thus prepared are not stable for more than 24 hours : 
they are opalescent at first but gradually soften with time. 
The stability of the gels is increased in some cases to six 
months, hy the addition of acetone or various oleates. Gels 
containing sodium oleate exhibit syneresis. These investi- 
gators have also studied the influence of temperature, and 
various ions on the stability of these jellies. 


’ U, S. P 12()«26.T (1916). 
’ Kolloid-Z., i8, 113 (1929). 


DETECTiON OF IRON, THALLIUM, TITANIUM 
AND ZIRCONIUM IN A MIXTURE 


BY 

I. K. TAIMNI 

The analysis of mixtures containing only common 
elements can be carried out Avithout much clifliculty, because 
as a result of extensive investigations of the analytical pro- 
perties of these elements we have now at our disposal faiily 
satisfactory schemes for their separation and detection* But 
the separation and detection of the rarer elements is still 
attended with considerable difficulty as the properties of 
these elements have not yet been sufficiently investigated 
for the elaboration of methods which are simple as well as 
accurate. Some iisoful schemes have, however, been devised 
for the analysis of mixtures containing both common and the 
larer elements. The work of Noyes, Bray and Spear in this 
field is especially valuable. The scheme of qualitative ana- 
lysis devised by them [J.A.O.S*, 29, iB7 (1907) and BO, 481 
(1908)] can be taken as a good basis for work m the quali- 
tative analysis of mixtures containing the common ele- 
monts as well as the more important of the rarer elements. 
There are, however, a few manipulative operations in their 
scheme which render its adoption inordinary laboratoiy 
work difficult if not impossible. It is true that the difficulties 
onenunteied in the detection of the rarer elements aie 
so great that the inclusion in any scheme of unusual and 
rather inconvenient methods may be quite justified. But the 
more these methods are replaced by others which are sim- 
pler and more convenient, the easier it will be to adojit 
such s(faomes in ordinary class work* Under certain circum- 
stances even some sacrifice of analytical accuracy may be 
justified where, for lUBtanco an extremely sensitive but 
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mconvement method for detoctin^ an olemcut is rep aced by 
a Jess sensitive but more convenient metiiod. A. manipulative 
operation in the scheme put forwaid by JN’oyeSs Bray and 
Spears vidjioh makes it unsuitable for ordinary class work 
IS the separation of iron and thallium from zirconium and 
titanium by uieans of ether. At one stag'e in the analysis 
these four metals are precipitated together in the form of 
hydroxides, basic acetates, or phosphates. The precipitate 
IS dissolved in HCl of a dehnite concentration and the 
solution is shaken with other m a separating funnel The 
chlorides of iron and thallium pass into the ethereal layer, 
while all of the zirconium and titanium remains in the aque- 
ous layer. By repeating the operation twice or thnee all the 
iron and tiialliuni can be dissolved out from tlie aqueous 
solution. As far as the effectiveness of tJie operation is con- 
cerned if is undoubtedly an excellent method of separating 
these metals, but it needs hardly be pointed out that the 
method is neither cheap nor convenient, especially m the 
hot weather of India w^here the temperature in most places 
is above lOO^F. For those reasons tlie author had been for 
some time trying to devise a method of detecting these four 
metals in the mixed precipitate without the use of ether. On 
studying the methods of identifying these four elements it 
was found that the very scheme given by the authors could 
be modified in such a manner as to eliminate the use of ether 
without necessitating any sacrifice of analytical accuracy- In 
the method recommended by Noyes, after the separation of 
iron and tballiuiii fioin zirconium and titaniums thaUium is 
identified l)y preei])iiation as thalloue iodide with potassium 
iodide and sulphurous acid, iron by the usual thiocyanate test, 
zirconium by precipitation as phosphate with sodium phosphate 
in presence of sulphuric acid, and titanium by conversion 
into salt of TiO^ with H2O2 m presence of sulphuric acid. 

Now, if the specific test for each of the four ele- 
ments can be applied in presence of the remaining three 
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it wi 1 obyionsly simplify the "who e proccdaro if the 
„iixed precipitate were disaoiied in suiphnrit aeid and 
small portions of the solution so obtained ivere tested for 
each of the four elements that may be present. A study of 
these tests showed that it is possible to test for each of the 
elements in a portion of the solution obtained with sulphuric 
acid without any interference from the other elements 
provided the concentration of sulphuric acid is properly 
rog'ulatod. Before dealing with the procedure to he 
adopted the individual tests may be discussed. 

(() The Test for Thallium — In order to deteimine the 
sensitnmness of the test for tliallmm with potassium iodide 
and sulphurous acid, a solution ofthailic chloride (containing 
0*1 mgra. thallium per cc of the solution) was added from 
a burette to mixtures of potassium iodide and sulphurous 
acid containing varying quantities of sulphuric acid, and the 
points at which distinct precipitate of thallous iodide appear- 
ed were determined. The following results were obtained. 

Table I 

Showmg the effect of varying the concentration of 
on preci'pitati.on of Til 
lNKI-1 oe, 

0'6N H,S 03=5 ce. 

H,S04-10 cc 
Total -voluine^SO cc 



ION HaSO^ 1 

5N HjSOi 

IN HsSO, 

ON H.SO 4 

05 iiigm Ti. 

No preoipi- 
■ tate 

No preci pi- 
ta! e 

No precipi- 
!ale 

No precipi- 
tate 

0‘i mgm. Tl, 

0 2 nigm. Tl 

0 ‘y ragm. Tl 

No precipi- 
tate 

1 

No precipi- 
1 tdte 

No precipi- 
tate 

1 

No precipi- 
tate 

Opalescence 

Opaloscenoe 

Opalescence 

Opalescence,^ 

Distinct 
prec plfcat© 

Dislinct 

preoip’fcdt© 

Distinct 

precipitate 

Distinct 

precipitate 
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Fron tie ta ( g-ven a ot it w bo so ii tl at 
0‘1 iitgiT! T1 can be deTrctod hi a yolnmr of 10 cc and the 
quantity of H^fi 04 uq to a concentration of 5N has no 
appreciable effect on the pensitireness of tlie test. Since 
the oilier three nietala do not give a jireoipitate with KI 
in presence of fcnlphiirLC a''iJ tlsp presence of thailiuin can 
be detecteil liy tahing a small portion of the solution in 
sulphuric acid and treating it with KI andll^SO^ A test 
analysis ivitli 100 main ca'-h of h'cn’ic iron, /irconium and 
titanium and O'l liigni of T1 showed that a small anmuat of 
thalliuni can be easily detected in [iresonce of a large excess 
of the other metals (In the test; ana’yses the metals were 
piecipitated together as hjdroxidos witii the preci- 

pitate was dissolved in sulphuric acid und the solution tested 
foi the metal juesent in small quantity by the hpocifio test ) 
Ut) The T(‘Sl for Iron ^- — The dolmnc;, of tho thiocyanate 
lest for iron is Ael! known EvonO'Ol ingtn. Fein 10 co. 
of the solution can be easily detected Since tho othei 
three metals do not gisc any colour or precipitate in pre- 
sence of sulpimnt) acid, a portion of the solution in sulphunc 
aoid can be tested for iron by means of potassium tlnocya- 
nate. Of course, if it is necessary to add ferric chloride 
for the separation of phosphate from metals of tho alkaline 
Garth group, the test for iron should be performed before 
the solution is treated with Ferric chloride solution It nuy 
bo mentioned liere that on tho addition of a potassium 
tluoc 3 mi)ate to a solution containing ilmlho salt and sul- 
phuric acid a yellow colour ap])ears but this colour fades 
vei'} quickly and there is no difficulty in detecting tho pie- 
senee of iron. A test analysis with 100 rngm. each of 
thallium, titanium and mrconiuin and 0‘1 ingm. iron showed 
that it is easy to detect even a trace of iron in presence of 

f- 

a large excess of the other metals. 

(ul) The Test for Titanium . — It might bo imagined that 
the presence of iron in the mixed precipitate will hinder 
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t le (1 tppt on of s n il quant t os of titan iim on account of 
the }e]lo\v colour of feme salts As a matter of fact, it 
IS not at a!! diftlciilt to detect even a trace of titanium in 
pioseneo of a large quantity of feiric salt hecanae dilute 
feme sulphate sointions in presence of sulplmrio acid are 
piactically colourless and no colour ia developed even on 
ii eating the solutions with ItiOo. If, therefore, the mixed 
piccipitate of cho hydroxides is dissolved m sulphuric acul 
and a portion treated with even a trace of titanium 

vill he easily detected by the appearance of a yellow colour. 
Should ihe solution tiefore the addition ofHgO^havea 
siigidly yellow colour, owing to the presence of a verj 
large quantity of iron, aU that is necessary is to dilute a 
portion of the solution sufficiently, so that the colour of 
feiric sah is almost inappreciable As the H-O 2 test for 
titanium is extremely delicate this dilution does not in any 
way hinder tiie detection of even small quantities of 
titanium A tost analysis with 100 mgm. each of iron, 
yirconiuin and thallium and 01 mgm. titamum showed that 
quantities of this clement even smaller than O'l mgni. can 
lie easily detected in presence of a large quantity of iron* 
An additional blank test was performed with 100 mgm. 
iron and H3O2 in presence of sulphuric acid, when no 
change in colour was observed. In view of the extremely 
delicate nature of tlie H2O3 test for titanium it appears 
su]!erfluous to precipitate the titanium again as phosphate 
by adding sodium phosphate to the acid solutions. The 
phosphate test is decidedly less delicate and less distmetive 
on account of the similar precipitation of zirconium phos- 
phate. The presence of a large excess of sulphuric acid 
does not interfere with the HgOg test while it does hinder 
the precipitation of titanium as phosphate. 

Ov) The Test for Zireomzm.—T\i& precipitation of the 
phosphate in presence of a large excess of sulphuric acic 
IS at present the most characteristic and reliable test for 
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/ircornDJti No other meta excej t tiiamnni gives a ^ recipi 
tate with so,lmri= phosphate OQ.ler thi** condition, hut ii tae 
titanium is previonsiy oxidized to the hexa valent condition 
by means of t^io phosphate test is speciSc for zir- 

coniuin According to Noyes, a large excess of sulphuric 
acid hinders tlie precipitation of small quantities of zir- 
conium. He found that "when the concentration of sulphuric 
acid is 1‘5N quantities of zarconium less than 1 mgui. are 
precipitated after about an hour, and with a greater con- 
centration of 112804 even larger quantities may not he 
precipitated. Since in the quantitative estimation of zir- 
conium by precipitation as phosphate the addition of even 
20 per cent by weight of HoSO^ is advised (Treadwell, 
Analytical Chemistry, 1924, Yoh II. p- 123), it was considered 
worth while to investigate the effect of varying tlie con- 
centration of sulphuric acid on the precipitation of zir- 
conium phosphate- 
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A standard solution of zirconium oxychionde (contain- 
ing 1 mgm. zirconium per c.c. of solution) 'v^as added from 
a burette 0*1 c.o. at a time, to cold inistures of 10 c.c. of 
10 per cent sodium phosphate and 10 c.c. solutions of 
sulphuric acid of different coucentrations. The solutions 
were thoroughly shaken and allowed to stand for about 
10 minutes after each addition of 0 1 c.c. zirconium solution- 
The results are shown in Table II. Since heating the 
solutions were found to accelerate the precipitation of 
zirconium phosphate, all the above experiments were 
lepeated with this difference, that all the solutions after 
every addition of O'l c.c zirconium oxychloride solution 
were heated to 60°— 80°. The results are shown in Table III. 

From tables Hand III the following facts are apparent: 
(i) A precipitate appears with much smaller quan- 
tity of zirconium when the solutions are heated 
than when they are allowed to remain cold. In 
the former case, the minimum quantity of 
zirconium which gives a precipitate in about 10 
minutes is 0*2 mgm. while m the latter case it is 
0'5 mgm. 

(li) “When the solution is heated the precipitate is 
obtained in a flocculent condition, while it is 
more or less finely divided and difficult to detect 
in small quantity, when obtained in the cold. 

(iii) The quantity of sulphuric acid in solution does 
not make much difference except when the con- 
centration of sulphuric acid lies near about 
0*5 iT-0'25 It will be seen from the tables 
that the precipitate appears for the first time 
with practically the same quantity of zirconium 
in mixtures containing 5N, 2'5N, IN, 0'05N 
SO 4 but a much larger quantity of zirconium 
has to be ad:ded before a precipitate appears m 
solutions contaimng 0 fiN and 0 25N HiSO^ 
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T UB retarding influence of au phur c acid at thia 
concentration was repeatedly verified, and makes 
it necessary to keep the concentration above IN, 
if small quantities of zirconium are to bo detected. 

It will be seen from the above that the phosphate test 
foi zirconium is sufficiently sensitive tor qualitative purposes 
even m presence of large (quantities of sulphuric acid 
provided the solution is heated after the addition of sodium 
phosphate It has already been shown by a number of 
authors that it is necessary to add a large excess of a soluble 
phosphate to completely precipitate small quantities of 
ziiconmiii. Since the red compound formed by titanium and 
HaOo does not decompose in presence of a large excess of 
sulphuric acid or on heating to 60° — 80° there is no danger 
of the precipitation of titanium phosphate under these 
conditions. 

The phosphate test is also very sensitive when the con- 
centration of sulphuric acid is 0‘05N or lower, hut it is not 
permissible to use such low concentrations on account of the 
danger of precipitation of ferric or thallic phosphates In 
order to determine the mimmura limit of H.jSO* concentra- 
tion which will keep these two phosphates in solution 
mixture of 10 c.c. 10 per cent Nuj HPO 4 and iO c.c- HaSOi 
solutions of different concentrations were treated with ferric 
and thallic salts with the results shown m Table IV. 


Table IV 



10 cc 10% N, HPO, 
10 c.c 0 IN HaSO^ 

10 cc. 10% Na riT'O, 
10 ec. 0 5N HjSOt 

10 oc 10 %Na.HPO 
10 Q,c. IN H,SOi 

lOO ingm 

r 

Pe 

1 

Yellow piecipi- 
tate 

White precipi- 
tate. 

No precipitate 

100 ragtn 

Tl 

Yellow preoipi- 

No precipitate | 

No precipitate 


tato 
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From the above results we see that when the solution 
IS O'hN with respect to H2SO4. and contains 100 mgm. either 
of iron or thallium, neither feme phosphate nor thallio 
pSiosphate is precipitated If therefore the concentration of 
sulphuric acid is above IN there is no danger of the preci- 
pitation of either Fe of T1 as phosphate 

On making a test analysis with 100 rogm each of 
thallium, iron, and titanium and 0*5 mgm. zirconium, no 
piecipitate of zirconium phosphate was obtained even in an 
hour, although the quantity of zirconium was more than 
sufficient to give a precipitate according to results given in 
Table lit- By making test analyses, combining only one 
metal in large quantity with a small quantity of zirconium 
it was found that it was iron which hindered the immediate 
piecipitation of zirconium in small quantities In presence 
of 100 ingra. iron even 1 mgm. of zirconium is not imme 
diately precipitated though m its absence 0'5mgm. zirconium 
gives a clear flocculent precipitate. A precipitate is, how- 
ever, obtained with 1*5 mgm. zirconium even in presence of 
100 mgm. iron. In presence of iron, the phosphate test for 
ziiconmni 13 rendered slightly less delicate but it is 
sufficiently delicate for qualitative purposes in ordinary 
class work. 

From a consideration of the tests discussed above the 
following procedure for the analysis of the precipitate 
containing the hydroxides of the four metals may be 
devised 

Treat the precipitate of the hydroxides with about 
5N H2SO4 solution until it just dissolves- Then add an 
equal volume of 2’5N H2SO 4., and filter the solution if it 
is not quite clear. In this way a solution will be obtained 
with a normality lying between 2'5N and I'SSN- The 
object should be to keep the total volume of the eoluti&n 
as small as possible ajad if the quantity of the precipitate 
10 very arge solphunc acid with a notmahtiy greater than 
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5N should be used for the preliminary neutralization of 
the hydroxides 

(a) To a email portion of the solution (about 2 c-c.) 
add 1 c.c. IK KI solution and 5 e.c. saturated SOo solution. 
The formation of a yellow precipitate proves the presence 
of thallmin. A yellow colour alone does not indicate the 
piesence of thallium, because when Ivl and H2SO3 solutions 
are mixed, a yellow colour is obtained. 

(b) To another small portion of the solution (about 
2 c.c) add 5 c c- IN KGNS solution a blood-red colour shows 
the presence of iron Since this is an extremely delicate 
test for iron if a light red colour is obtained, a blank test 
should be performed rvith the acids used m the previous 
piocedures, to see whether these are contaminated with 
tiaces of iron. If it is necessary to add ferric chloride 
for the separation of phosphoric acid from metals of the 
alkaline earth group, iron should have been tested for 
before the addition of ferric chloride solution. 

(c) To the remaining portion of the solution add 
5 — 10 C.C, 3 per cent H2O2 solution- A yellow to orange 
colour indicates the presence of titanium. If the solution 
before the addition of HoOs is slightly yellow owing to the 
presence of a large quantity of iron, dilute it with water 
till the colour is almost inappreciable. 

(c?) To the solution which has been tested for with 
H2O2, add 5 C.C. 10 per centlNa^ PHO4 solution. Heat to 
about 70'’— 80°. A white flocculent precipitate proves the 
presence of zirconium. As very small quantities of zirconium 
(less than 1 mgm.) are precipitated slowly, the solution 
should be examined again after about an hour to see if a 
slight precipitate has separated during this time- 

The procedure is practically the same when phosphoric 
acid is removed from the solution by means of ferric 
chloride in presence of sodium acetate and acetic acid, anc 
the mixed precipitate consists of phosphates basic acetates 
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or hydroxides of the four c eTnente but the foliowing points 
sbou d be borne in mind in this case 

(i) Iron should be tested for in the usual way before 
adding feme chloride for elimination of 
phosphoric acid from the solution. 

(w) Zirconium and titanium are not likely to be pre- 
sent since the phosphates of these metals 
are insoluble in dilute mineral acids. 



CHEMICAL EXAMINATION OF THE KERNELS 
OF THE FRUIT OF THEVETIA NERIFOLIA 
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Kanta Prasad JResearch Scholar, Chemistry Pepariment 

Thevetia nenfolia or yellow oleander as it is known 
in English and Pila-kaner in Hindustani is a plant of the 
natural order Apoeynaoeae, commonly cultivated in India 
as an ornamental garden shrub. The fresh bark of the 
young wood, of from 1 inch in diameter, is green, 
smooth and covered by a thin grey epidermis, throngh 
which the green colour is apparent; it turns black when 
dry. All parts of the plant yield an abundance of acrid 
milky ^luice. The flowers are yellow. The fruit is 
globular, slightly fleshy, green, 1 to 2 inches in diameter, 
and contains a hard nnt, light brown in colour and 
triangular with a deep groove along the edge corresponding 
to the base of the triangle , each nut contains two pale 
yellow, slightly winged seeds with a light brown coating. 

Descourtilz, in his “Flora of the Antilles,” speaks 
of Thevetia nerifolia as an acrid poison, of the bark as a 
drastic purgative, of the fruit as emetic and of an extract 
of the plant as a remedy for intermittent fever. He de- 
scribes the ease of a young negro w^ho had eaten of the 
green fruit, and who was affected with chills, delirium, and 
other nervous symptoms, nausea and a thready pulse; he 
had irregular spasms, followed by extreme agitation, with 
singing angbing and weeping and then followed by a 
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fixed blank look He seemed tendmi? to coma but was 
relieTed by an emetic 

Tlie kernels of the fruit are estremeJy bitter and when 
chewed produce a slight feeling of numbness and heat in 
the tongue De Yrij (Pharm. J Trans., 3, 457) very 

many years ago discovered in the seeds a glucoside which 
was closely studied by Bias. Bias and T. Husemann 
(Archiv. fur esp. pathol. TJ. Pharm., V- 228) tested the 
active principles of the plant thevetin and tlieveresin on 
animals. The former has upon frogs the same effects 
as digitalin, and the lethal dose is also nearly the same 
(gm. 0'0()l-0‘003). Experiments upon dogs and rabbits 
led these investigators to recognise a strong analogy 
between the effects of these glaeosides and the effects of 
digitalin and helleborin and other analogous products. 

Dr. Buinontier has published an account of the death 
of a child three years old after eating one seed. An 
interesting case of poisoning by one of the seeds is recorded 
by Dr. J. Balfour (Madras .Tournal of Lit. and Sciences, Til, 
N. Ser., p. 140) Dr. Lyon (Med, .Touris., p. 299) remarks 
that cases of poisoning in the human subject are seldom 
met with in India, but of late years the seeds have come 
into somewhat extensive use in Bombay Presidency as a 
cattle poison. In Bengal four cases are on record, but the 
particulars of one only are given, in which a woman 
attempted to commit suicide. 

According to De Vrij (ioc. cit.) the kernels of the seeds 
give with benzine 57 per cent of a limpid, almost colourless 
oil Bhattacharya and Ayyar (Journal of the Indian Institute 
of Science, YolXA,,9, 35) also obtained with light petroleum 
a pale yellow oil, the oil content being 57 per cent. But 
it has been possible for the present investigator to obtain 
68*6 per cent of a pale yehow, non-drying oil on careful and 
exhaustive extraction of the crushed kernels with petroleum 
ether (BP 35 60°C 
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Bias (U. S. A. Pham , 1918, 1639) gave the formula 
to thGYetiu and C^aHjoOjT to theyeresin. 
He confused theyetin ■with cerberin, previously found by 
Oudeinann in Gerbera odallam Ham., which was afterwards 
refuted by Plugge (A. Pharm., 1893, 10). 

Warden (Pharm. J Trans., 3, 75, 417-18) isolated 
thevetin by alcoholic extraction of the oil free kernels by 
concentrating the extract. From the filtrate, after a 
course of chemical treatment, he got pseudo-irtdioan conta- 
minated with thevetin and extractives. He seemed to have 
isolated a second glucoside (loc. cit.) by precipitating the 
mother liquor left after the crystallization of thevetin, by 
aqueous tannic acid and decomposing the precipitate by lime. 

R. Weitz and A. Bonlay (BnL Sen Pharmocol., 1923, 
30 , 8i — 88) also extracted a bitter principle from the kernels 
which gave with H^SO^ an orche-yeliow coloration becom- 
ing pink after 12 hours. 

The above represents the work that has hitherto been 
done on the kernels of the fruit of Thevetia nerifolia. Hone 
of the authors gave any definite properties for identification 
of the products they isolated. Few colour reactions have 
been given which are, of course, easy to study in oases where 
the isolation of chemically pure compounds is a matter of 
considerable difficulty. 

The kernels, which were 22'6 per cent of the dry nuts, 
gave 68'6 per cent of a straw yellow non-drying oil. The 
kernels on further extraction with 97 per cent ethyl alcohol 
gave a brown syrupy liquid wliich on distillation over water- 
bath under vacuum (8 mm.) was obtained as a light brown 
solid mass. This on extraction with chloroform gave about 
3 per cent (of the kernels) a light yellow solid mass com- 
pletely soluble in ethyl acetate. On crystallization from 
ethyl alcokel and animal charcoal it was obtained as fine 
anew white needles sotelting at 1 This was the water 

MBolnblB Tina product haa been named 
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Tbevetosm ’ by the present author It was optica ly 
active having a positive rotation 

A.fter pemoving' thevetosm from the alcoholic extract it 
was completely freed from chloroform. A lump of light 
yellowish brown mass was obtained. It was very hygros- 
copic and contained a glucoside very soluble in w'ater, 
glucose and other watef-soinhie impurities. This glucoside 
was thevetin,” the active principle of the kernels, which 
on hydrolysis with mineral acids gave AVarden’s (loo. eit.) 
thevetin-blue Tlievetidine, the genm of thevetin, separates 
readily oa hydrolysis as a light brown oily liquid. It 
very soon gets oxidised changing colour to greenish blue, 
blue and finally into a black mass. It is little soluble in 
alcohol and almost insoluble in all organic solvents excepting 
pyridine, m which it is very soluble forming a. lirownish 
black solution. AH methods of getting tlievetin m a pure 
form failed. Ultimately recourse was taken to the study 
of the genm m order to throw some light on the constitution 
of thevetin. Thevotidine on simultaneous reduction and 
acetylation gave a pale yellow micro-crystalline, hygroscopic 
powder melting at 93°0. 

EXPERIMENTAL 

The kernels of the nuts contained 22*95 per cent of 
moisture and weighed 22‘6 per cent of tho whole nut. The 
kernels contained 6 A per cent of a thin light brown coating. 
The average weiglst of a kernel was *.35 gm. and it contained 
7*4 per cent of moisture. 

In order to test the presence of enzymes, the crushed 
kernels were kept in water. But the presence of oil formed 
an emulsion which could not be separated. Next time 
50 gms of the crushed kernels were put in a flask with 
^etroleum^ ether for several hours. It was filtered and the 
oil removed by distilling ojEF the petroleum ether. This was 
repeated several times ti the kerne e contained no oil The 
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kernels were then pat in an open dish for the petroleum 
ether to escape The dry powder was then put in a flask 
with water at the room temperature for thi’ee days. Few 
drops of chloroform were added to stop bacterial growth. 
It was filtered and ethyl alcohol was added to the filtrate. 
A white flaky precipitate slowly settled at the bottom 
showing the presence of enzymes. 

10 gms. of the kernels weie tested for the presence of 
alkaloids, but with negative result. 

After completely burning the kernels 1 9 per cent of 
white residue (ash) was obtained, which contained 3 1 per 
cent of biOa- Ihe soluble portion of the ash contained 
phosphate and maguesium. 

For complete analysis 1'5 kilograms of the kernels 
were crushed and exhaustively extracted with 5 litres of 
petroleum ether 35 — GO'G.) ma round bottom extraction 

flask, till the extract no longer gave any oily residue. The 
total quantity of oil obtained amounted to 1030 gms. which 
corresponded to 68'6 per cent of the kernels. A current 
of air was passed through the oil for about 40 minutes to 
drive off the petroleum ether. For further purification the 
oil was treated with animal charcoal, little quick lime and 
Fuller’s earth. It was heated over water-bath and stirred 
tor some time. On filtration a very light yellow transparent 
non-drying oil was obtained. The oil bas been worked out 
by Bhattacharya and Ayyar (loc- cit,). 

The refractive index of the oil at different temperatures 
was determined by means of a Pulfrich refractometer ; 


Temp. 

Obseived reading 

Refractive index, 

10“0 

42° 44' 

1-47195 

20“C 

43* 15' 

1 .46889 

30'C 

43° 46' 

1 46593 

40'C 

44‘ 22 ' 

1 46?>25 

60“U 

44 69 

1 4j856 
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The kerne s were freed from petro eum ether and 
sncceBSively extraeto 1 with a o o ti t te t xtract gave 
traces of residue on evaporytion The alcoholic extract 
was concentrated under reduced pressui-e wlien a thick 
blown syrupy liquid, strongly siuellmg of sugar, was 
obtained. This sloivly solidified to a brown mass in a 
vacuum desiccator. On extraction with chloroform it gave 
45 gms. of yellowish Itrown solid uhich was completely 
soluble in ethyl acetate. Traces of oil that was contaminated 
with it was removed by petroleum ether. On crystalliza- 
tion from dilute alcohol it w'as obtained as hne white needles 
melting at 194:°C. It dissolved in strong sulphuric acid 
with the production of a yellow colour which slowly changed 
to pink and finally to a cherry-red This product was 
thevetosm, the w'ater insoluble glncosido. It reduced 
Fehlmg's solution readily alter being hydrolysed with dilate 
hydrochloric or sulphuric acids. It was soluble in organic 
solvents excepting benzene and gave a positive rotation of 

4 1 3 A 

i“ Id absolute alcohol. On combusting the 

substance the following results were obtained • 

C=64’9r) per cent; H = 8‘22 per cent, 

and therefore 0“26‘83 per cent 

Hi/drolysis of Thevetosm, — 3 gras, of thevetosin was 

dissolved in 200 c.c. of ethyl alcohol and 150 c.c. of water 

containing 2'5 c.c of HCl (d. lTt>) was added. It was 

refluxed for about an hour. The solution was cooled and 

carefully neutralised with sodium carbonate. It was nest 

concentrated under reduced pressure. A semi-solid brown, 

sticky substance separated This was the genin— ‘ theveto- 

sidine.’ On crystallization from alcohol and animal charcoal 

it was obtained in the form of a light brown liquid sticky 

^masB which settled at the bottom. After sufficient of the 
*• 

substance had separated the upper liquid was removed and 
the product was washed several times with distilled water 
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After few di^ys it became brittle, -when it was powdered 
and pnt in a vacuum desiccator- It was finally obtained 
as a yellowish brown micro-crystalline powder melting at 
S3°C. Concentrated sulphuric acid produced a pink-red 
coloration with a green fluorescence. In strong nitnc 
acid it dissolved with a yellow coloration. Alcoholic 
solution of the substance did not give any precipitate or 
colour reaction with feme chloride. 

The mother liquor after the separation of thevetidine 
was concentrated and finally evaporated to dryness m 
1 educed pressure. The residue was dried over H3SO4 in 
vacuum desiccator and was extracted with dry acetone- 
The extract was evaporated to dryness. This was the 
sugar of hydrolysis It reduced Fehhng’e solution readily. 
An attempt was made to crystallize it from ethyl acetate 
but instead of getting a better stutf, a brown sticky substance 
was obtained. The quantity being small, the sugar could 
not be identified, 

— The product left after the separation of 
thevetosin by chloroform extraction contained another gluco- 
side, thevetin, which was very hygroscopic. It contained 
some free glucose, albumenons product and other water- 
soluble impunticB. All methods of separating the glucoside 
in a pure form having failed, recourse was taken to the 
study of the gluoo-genin obtained on hydrolysing thevetm. 

Hydrolysis of Theveitn . — The same experimental pro- 
cedure was followed in the hydrolysis of thevetin as in the 
previous one. Hydrolysis was effected very soon in this 
case. Thevetidine, the gluco-genin, first separated as a 
brown semi-aolid mass which slowly got oxidised in the 
presence of air changing colour to green, blue and finally 
into a black mass. Thevetidine was very little soluble ^in 
alcohol and was almost insoluble in all organic solvents 
with the exception of pyridine in which it was considerably 
BO uble forming a brownish b ack. so nUon A itt e of t le 
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Erabstance was dried pondered and washed several times 
with distilled water and alcohol. It was next dried in the 
air oven- ' Its melting point coaid not be accurately 
determined. On combustion it gave the following results ; 
C = 90*00 per cent ; H = 9'l] per cent. The sugar isolated 
from the mother liquor was identified to be glucose. 

Thevetidine was next simultaneously reduced and 
aeetylatedj when a white product melting at 93°C, was 
obtained. 

Beducpd and Acetylated Thevetidine . — 5 gras, of the- 
vetidine, 10 gms. of finely powdered zinc dust and 100 c.c. 
acetic anhydride were put m a dry flask and put under 
reflux. Few drops of water was added wlicn the evolution 
of hydrogen started. It was then slowly heated, 'When 
the reaction slowed down few drops of water was again 
added. The operation was repeated several times till the 
zinc dust was completely used up. It was then filtered hot. 
The filtrate on dilution and neutralisation witli ammonia 
gave a brown liquid deposit at the bottom which solidified. 
It was crystallized from alcohol and animal charcoal. A 
micro-crystalline powder was obtained which melted at 93°C, 

The substance gave pink and yellow colour reactions 
with sulphuric and nitric acids respectively. 

On combusting tlie substance the following results were 
obtained . C= 60*41 per cent ; H= 6*89 per cent. 


INDUCED AND PHOTOCHEMICAL OXIDATIONS 
AND THEIR IMPORTANCE IN BIOLOGICAL 
PHENOMENON 

BY 

Dr, 0. C PALIT, D.So , 

Chemidry Deparinient, University of Allahabad, 
Allahabad (India), 

We have been carrying on for the last eight or nine years 
some work on slow and induced oxidation and have studied 
their importance in biological phenomenon. In a senes of 
publications'^ from this Laboratory, we have emphasised 
the wide applicability of induced reactions and numerous 
reducing agents have been used as inductors. Ferrous and 
cerous salts and sodium sulphite are inductors which have 
been largely investigated. Numerous organic compounds 
and food materials have been oxidised simply by passing air 
at the ordinary temperature through solutions or suspensions 
of the substances in contact with freshly precipitated ferrous 
hydroxide or cerous hydroxide which acts as an inductor 
Similar results have been obtained with sodium sulphite as 
inductor. We have induced the oxidation of substances like 
carbohydrates, fats and nitrogenous substanoess etc., by air 
at the ordinary tern perature by mixing the above substances 
with sodium sulphite, ferrous hydroxide, cerous hydroxide 
and other reducing agents. The slow oxidation of these 
reducing agents set up the oxidation of carbohydrates, fats 
and proteins. "NVe have been able to establish that induced 
oxidations are of general occurrence and that the meohanism 
of the oxidation can very well be explained. 

’ Ziext. anorg aligem, Ohem., 122, 146 (1922); IM, 28'3 
(1925) ; Jow. Phy. Ghem., 28, 943 (1934) . 29. 376, 799 (1925) ; 30, 
939 (1926 32 1663 (1928) and Si 711 (1930) 

171 
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In order to e\ am t o moe lan b of thcBo induced 
o\ datioTiB in t ] rese ice of ferr us nl orouB 8.1 ts tie 
formation of hi^'her oxidoK like FeO^ {Munchot") and 00 20^ 
(Job®) has been asaiiuied ; and these higher oxides oxidise 
the difficultly oxidisable substances like the food materials. 

Our experimental results'^ on the oxidation of sodium 
formate by air in presence of ferrous and ceroiis hydroxides 
lend support to the hypothesis of the intermediate formation 
of the higher oxides. 

From our expernuental results'^ on the induced oxida- 
tion of glucose by air in presence of ferrous and cerous 
hydroxides, it xiull be seen that the induction factor, ?.e-i 
the ratio of the amount of oxygen taken up by glucose to 
the amount of oxygen taken up hy inductor ib .as high as 8 
or 9 . Similar results are also obtained with other reactions. 
Spoehr also obtained a value as high as 15 for the mdiietion 
factor. It, therefore, appears that the oxidised form of the 
inductor, viz., FbsO, or CeO^, etc,, is also capable of oxidis- 
ing the acceptor thereby regenerating the original inductor. 
Hence these induced reactions appear to be partly cataljtie 
xn nature but inasmuch as the rate at which the original 
inductor is regenerated is small as compared with the rate 
of its oxidation, these reactions belong more to the induced 
type rather than the catalytic one 

These higher values of the induction factors can he 
satisfactorily explained from the point of view of the gener- 
ation of ions in tiie primary exothermal reaction. ThaB» 
for example, a small amount of an inductor is oxidised ; 
some 10ns T,YiU be generated in this (‘xoihormai reaction and 

’ JoOT, Phy. Chem , ,9S, 2043 (1931). 

* Ann., SIJ, 177 11809) ; ^25, 93 (1902) . MO, 179 (1927), 

, ® Job. Ann Ohein. Phys., (7) 20, 207 (1900). 

* Palif" and Dhar, .lour PUy. Ohem,, S4, 711 (1930). 

Palit and Dhar, Jour. Phy. Cham.. 20. 799 (1925) 20 

9o9 (1923) 
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the ions will activate sotiae molecules of tiie acceptor or the 
actor or both. These thou will react. This reaction being 
exothermal will m its turn give rise to more ions which will 
activate some more molecules of the reactants and so on. 
Thus the oxidation of a small quantity o£ the inductor brings 
abont the oxidation of a large amount of the acceptor, that 
IS, the slow oxidation of the reducing agents (inductors) set 
up the oxidation of carbohydrates, fats, proteins and other 
food materials. 

It is well known that the edible substances like 
carbohydrates, fats and proteins are very re.idily oxidised 
in the body, whereas they are oxidised with difficulty by 
ordinary laboratory reagents. We have carried on our 
experiments^ and have been successfully able to induce 
in the laboratory the oxidation of edible substances like 
glucose, starch, milk, butter, egg-whiie; egg-yellow and 
also the oxidation of other substances like cholesterol, 
lecithin, glycerol, etc., at the ordinary temperature by pass- 
ing a slow stream of air in presence of inductors like 
sodium sulphite, ferrous hydroxide, oerous hydroxide, etc. 

It has also been shown® that not only fats but carbo-' 
hydrates and nitrogenous substances are oxidised by hydro- 
gen peroxide and a ferric salt at volatile aldehydric 

or ketonie compounds being formed. We'' have conclusively 
proved in a systematic manner that fats, carbohydrates and 
nitrogenous and otlior organic substances can be completely 
oxidised into their main end products, carbon dioxide and 
water, by air with the help of an inductor, ferrous or cerous 
hydroxide or in presence of sunlight at the ordinary tempera- 
tures and we have thus been able to imitate successfully 
the phyeioiogical process of oxidation on which animal 


^ Jour. Phy. Ohem , 8i, 711 (1930). 

® Jour lud- ClaeiD- Soc- 5-617 (1929)- 
* Jour Phy Chetn 3i 11 (193C) 
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life depends It q pears therefore that the mtemediate 
iron peroxide, obtained in the case of hjairopreix peroxide 
and ferric or ferrous salts, must bo different from that 
formed with ferrous compounds and oxygen, because the 
products of oxidation are different in the two cases. 

Ve baxe also carried on investigations^ on photo- 
chemical oxidation of each of substances investigated in 
connection with the slow and induced oxidations. It is 
interesting to note that all these substances — such as glucose, 
lactose, maltose, starch, glycogen, glycine, uiea, glyceiol 
hippurio, and uric acids, formate, tartrate, stearate, oleate, 
etc., and complex edible substances such as butter, millr, 
egg-white, egg-yellow, carbohydrates, etc., can bo readily- 
oxidised by passing air through them if they are exposed 
to sunlight without catalyst or inductor. lu each of these 
cases, complete oxidation to carhoii dioxide takes place. 
Even the most complex substances like batter, milk, egg- 
■white, egg-yello-w, lecithin, cholesterol, glycerol, etc., are 
oxidised quantitatively into carbon dioxide and water. 

Our results on induced and pliotochemical oxidations 
of all the substances investigated conclusively piovc the 
following facts , 


iNDUcisr* Oxidations 

(1) The oxidation of fats is retarded by carbohydrates 
or less poiverfuliy by proteins and to a greater extent by 
a mixture of carbohydrates and proteins. 

(2) The oxidation of proteins is markedly retarded by 
carbohydrates and fats. 

(d) When fats are rapidly oxidised due to the absence 
of the negative catalyst, glucose, acetone bodies are likely 

’ Paht' and Dhar, Jour Phy Ohem., 126S (1928) r S3, 
1897 (19201, 34. 737 (1930): 3d 993 (1930): and Seit anorg 
allgena Ohem, 191 150 (1930 
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to be generated in the body. Apparently the easily oxidis- 
al)le rarboiiydrates wlucii act as negative catalj^st in the 
oxidation ol iais are necessary for the comploto combustion 
of fatty food inatenais , the oxidation ol both fats and 
carbohydrates can go on slowly and siniultaneousiy. 

The view that diabetes is due to insnffioient oxidation 
of glucose and fats in the animal body, has been emphasised 
by us in one of our previous publications.^ In other 
words, the disease is caused by want of catalysts or 
enzymes which in normal health exist in the body and 
help the oxidation of glucose, fats, etc. It seems pretty 
ceitain that disappearance of acetone bodies from diabetic 
nnue due to the injections of insulin is an effect oaus d 
by the increased oxidation of glucose in the body. We 
suggested in one of our publications that insulin, extracts 
of yeast, vitainms, etc., activate the catalysts or the enzymes 
and consequently act as accelerators in the oxidation of 
glucose by air in the system. Jt may be that minute traces 
of iron or sulphur are present in insulin, extract of yeast, 
vitamins, etc., and that this iron present in a very reactive 
state, is the active substance winch helps the oxidation of 
glucose by air. As from our researches, we find that iron 
IS a very important catalytic agent in many oxidation 
reactions and that iron in some form or other is essential for 
life and plays an important part in the oxidation reactions 
in plants and animals. Hence we urge on medical people 
to treat diabetes by tlie internal nse of iron salts or colloidal 
iron preparations which will act as an accelerator in the 
oxidation of glucose and fats by oxygen. 

In one of our publications® from this laboratory it was 
suggested that insulin and other allied substances are 

* Jour. pliy. Ohom., 2.9, 370 (1925). . 

’ Palit and Jour PUy- Chem., < 82 , 1063 (1928), and Joui 

Phy Chem 31 1259 1 927 


g'ood r duung af^LDte and arc leid y oxilised 1} atmoB 
pbenc oxygon and the oxidation of those Riibstatices induces 
the oxidotion of sugar in the body- Wo liave now been 
able, to substantiate this view In? oui new seis of oxidation 
cxpeninents on jnsdin and glucose. For those experiments 
a definite Yolumc of air freed for carbon dioxide was 
passed through an aqueous solution of insulin (B.D.H.) kept 
at 25° and the amount of carbon dioxide obtained by 
oxidation of insulin was absorbed by standard barium 
Indroxide solution and estimated as usual. When glucose is 
added to the insulin solution and the same volume of air 
IS jiassed through the mixture gdueose is slowly oxidised 
and this can he shown by estimation of ghicosi' by Folding’s 
solution, wdiich, howmver, cannot be reduced by insulin. 
In tins experiment with insulin and ghicose, the oxidation 
of insulin winch is readily oxidised by air at ordinary 
temperature leads to the oxidation of glucose thus oorrobo- 
rating OUT previous statements. 

In several publications^ w'e have emphasised the 
importance of induced oxidations in understanding the 
phenomenon of animal metabolism. It has been stated that 
the readily oxidisable substances like ghitatlnonone and 
other substances present m muscle and in other parts of 
the body, are first oxidised by the inhaled oxygen and 
these oxidations induce the oxidation of food materials. 
Insulin and other internal secretions also appear to be 
readily oxidised in the body and these lead to the oxidation 
of carbohydrates, fats and proteins. It is now well-known 
that in the treatment of acute diabetes, repeated doses of 
insulin have to be injected in order to get satisfactoiy 
lesnlts- Our experiments on the oxidation of insulin by 
air show that it is used up by the oxidation m the bodv 
and thus 'repeated doses are necessary. Moreover, the 


Jour Phy Chem 35 /d043 19 Jl) 
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oxidation ot msniin eads to the oxidation of glncoee in 
tlie body and this explains the decrease of glucose in the 
diabetic blood and urine on injection of insulin. 

(4) Animal life is assumed to depend essentially on 
the catalytic actiYity of the enzymes and iron m the animal 
body, it le likely that in the animal body, there exist 
leadily oxidisable substances such as enzymes containing 
traces of iron in complex colloidal condition and the 
oxidation of these substances induces the oxidation of food 
materials. 

(0) In the animal body, the iron in the blood 
accelerates catalyticaily the oxidation of food stuff by the per- 
oxide formed in the body from the inhaled oxygen. When 
there is a deiciency of iron in the blood, the animal becomes 
anaemic. At tins stage any iron salt preferably of colloidal 
nature taken in the body, will supply the natural deficiency 
and the necessary amount of oxidation will take place. 

(6) We also suggest that fever is an auto-eatalytic 
reaction. The oxidation of substances like starch, sugar, 
proteins, fats, etc., by oxygen in the animal body is believed 
to be catalyticaily accelorated by the parasites or secretions 
of bacteria. Hence the amount of heat generated in the 
animal body for* unit time is increased and the phenomenon 
of fever is observed. Moreover, like all other chemical 
changes, the amount of oxidation in the animal body for 
unit time is also increased by the incipient rise of tempera- 
ture. 

(7) From our quantitative experiments^ on the oxida- 
tion of carbohydrates, glycerol, fats and proteins by air m 
presence of freshly precipitated ferrous and cerous 
hydroxides and sodium sulphite as inductors, we have shown 
that the amount of carbon dioxide obtained in these slow 
oxidations is practically the same as is expected from tiie 

m 

* PiUit and Dhar- Jour^ Fhy. Ohem.. 711 flOSO). Zeifc 
anorg al gem. Ohem 191 160 (1930J 
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point of view that the carbo lydritea yccro fats and 
nitrogenous substances art oouip.ete.y oxidise I into carbon 
diOKido and water by passing air at tiie ordinary tempera” 
ture. Similarly, Spoehr has obtained considerdlilo amounts 
of carbon dioxide from the induced oxidation of carbohydrates 
by air m presence of sodium, ferrous and ferric pyro- 
phosphates. We are of opinion that those results are of 
importance because these oxidations are of the same type as 
those taking place in the animal body. Hence we emphasise 
that in normal healtli, the food materials taken in the 
body are completely oxidised into carbon dioxide and water 
without the formation of intermediate compounds, just as 
food mateiials are completely oxidised to carbon dioxide and 
water when air is passed througii their solutions or suspen- 
sions m presence of inductors. Lntermediaie compounds arc 
only formed m the diseased condition of the animal body. 

(8) Voit stated “ that tiie metabolism in the body was 
not proportional to the combustilullfcy of the substances 
outside the body, Imt that proteins which burns with 
difficulty outside metabolises with the gi eatest ease, then 
carbohydrates, while fat which readily burns outside is the 
most difficultly combustible in the body.” This conclusion 
was arrived at by Voit from actual feeding experiments on 
animals. We have obtained quantitative and comparative 
lesults^ on the velocity of oxidation of fats, proteins and 
carbohydrates by air and thus tried to establisli whether 
fats or carbohydrates are oxidised more readily in the 
system. Our results show that tlie order in which they are 
oxidised in presence of cerous hydroxide are as follows : 

Egg-white>egg-yollow>starch>gluco8e - butter. 

In presence of cerous hydroxide, the induced oxidation of 
fats, nitrogenous substances and carbohydrates follows the 
^ane order as stated by Voit. 


Jour Phy Ohem ^4 711 (1930) 
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(9) Tile experimental results^ show that carbo- 
hydrates, proteins, fats and other substances are oxidised m 
presence of inductors in neutral and alkaline solutions, and 
the greater the amount of alkali, the greater is the amount 
of oxidation. Hence we are of opinion that alkaline 
treatment should prove effieacioua in gout, diabetes, beri- 
beri, rickets and other metabolism diseases, because in 
presence of even sodium bicarbonate, the amount of oxidation 
of fats, cai'boliydrates and nitrogenous substances is greatly 
increased. 

Hence all these results on slow and induced oxidation 
of fats, nitrogenous substances and carbohydrates occurring 
either singly or in mixtures by air at ordinary temperature 
are important, because these oxidations are of the same type 
as those taking place in the animal body. 

Photo-Ohemioal Oxidations and Physiological 
Exerrimentb 

Aqueous solutions or suspensions of the following 
substances have been oxidised by passing air in presence of 
sunHgbt'^ : 

Arabinose, cane sugar, galactose, glucose, lactose, 
laevulose, maltose, starch, glycogen, urea, glycine, a-alartine, 
hippuric acid, sodium urate, potassium oxalate, sodium 
formate, sodium tartrate, potassium stearate, potassium oleate, 
potassium palnutate, lecithin, glycerol, cholesterol, butter, 
egg“wbite, egg-yellow and milk Zinc oxide, uranium 
nitrate and ferric nitrate act each as a photo-sensitiser in the 
oxidation of the above substances and the amount of oxida- 
tion of these substances is greater than that in their absence. 


^ Palifc and Dhar, Jour Phy. Chem , 29 , 799 (1925) ; 30 , 9 

(1926)» ' 

Palit aud Dhar, Jour. Phy. Chem,, 32 , 1263 (1928) ; 3 ^ 

993 (1930) and Ze t. anorg al gem, Chem 191 , IDO (1930 
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1 Oar reaulte^ a so show t I'lt tbe amount of oxidation 

increases with (i) the intensity of light, (ii) the amount of 
hglit falling in the solatious, and (iu) the time of exposure. 

2. Dilute solutions of lactic acid, oxalic acid^ tartaric 
acid and citric acid are appreciably oxidised by air in 
presence of sunlight and the order m which they aie 
oxidised is : 

Oxalic > lactic > tartaric > citric. 

3- In order to find oat whether in presence of sunlight 
the carbohydrates, fats, and nitrogenous sulistanees are 
oxidised completely to carbon dioxide or other intennediaie 
products arc formed, we have estimated the amount of 
carbon dioxide obtained in these oxidations in {lotash liulbs. 
The amount of oxidation of these substances was also, in all 
oases, estimated by direct analysis. The experimental results® 
show that the amount of oxidation detcriiuncd from carbon 
dioxide obtained is practically the same aa the oxitlation 
found out from the direct analysis of the carbohydrates, 
fats and nitrogenous substances remaining unoxidised. 
Hence in presence of sunlight, different carbohydrates, fats 
and nitrogenous substances can bo completely oxidised by 
air at the ordinary temperature into their main end products, 
carbon dioxide and water. No intermediate compounds 
are formed in tliose photo-cheiiiica] oxidations. We have 
thus been able to imitate successfully the physiological 
processes of oxidations on which animal life depends. 

4. Yoit m his necrology of Pettenbofer writes ; “ That 
the metabolism in the body was not proportional to the 
combustibility of the substances outside the body, but 
proteins vvhicli burns with difficulty outside metabolises 
with the greatest ease, then carbohydrates, while fat 

^ Palifc* and Dhar, Jour. Phy. Chem,, 32, 1263 fl92S) , 3i, 993 
(1630) ■ and Zeit etnorg aligem Chein i9i 150 (1630) 

' Ibid 
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which roadily burns outside is the most difficultly combus- 
tiblo iii the i)ody.” We have tried to imitate the metabol- 
iSiTi taking place in the animal body and have made 
comparative experiments^ on the oxidation of butter, egg- 
white, egg-yellow, starch, glycogen, and glucose by passing 
air at the ordinary temporatnre in presence of sunlight. The 
following results have been obtained ■ 

... 60’9 per cent oxidised 

Egg-white dr25 „ 

Htarol) ... .)i8-2 „ ,, 

Butter ... STB „ „ 

Glucose ... 13'b „ „ 

It appears, therefore, that egg-yellow is the most easily 
oxidisabie substance in presence of light, then come starch, 
egg-white, and butter, while glucose is the least o.xidisable. 
Hence eggs wliich metabolise readily m the animal body 
are also easily oxidised by air at the ordinary temperature 
in presence of sunlight. 

5. We have investigated whether the Einstein Law 
of Photochemical Equivalence is applicable to the photo- 
chemical oxidation of carbohydrates, fats and nitrogenous 
substances in sunlight. The amount of energy absorbed 
by solutions of carbohydrates, fats and nitrogenous sub- 
stances was measured with the help of Boys’ radiomicrometer. 
It is interesting to note that the Einstein Law of Photo- 
chemical Equivalence is applicable to the photo-chemical 
oxidation of glucose, lactose and o-alanme by air. The 
law, however, is not applicable to the photochemical oxidation 
of glycine by air where about seven molecules react per 
quantum of light absorbed. These results show that prac- 
tically colourless one per cent aqueous solutions of glucose, 
lactose, glycine and alanine can absorb light from the 
sunshine falling on the aolutious. 

^ Joar Ptiy ChBnu, At 993 {1930) 



T US absorptio of oner^j 1 alR tx) the ictivition of 
the molecu es and the r consequent cho i ica ro iction with 
oxygen in presence of light. ben these solntions are 
mixed mth ferric or nranium nitrate, tiie absorption of 
radiation is consideralily increased and the umonut of 
oxidation is also increased 

6. In one of our preTious publications,’ we haye simyn 
that appreciable amounts of tlie eompoands of the peroxide 
type are formed wlieri air is passed through aqueous 
suspensions of cholesterol, olive oil, buttoj and many other 
substances like cocoanut oil, cnstoi oil, hnsced oil, mustard 
oil, etc. It has been also observed that olive oil can i>o retained 
m that activated or cxcitoil state for a sufficient length 
of time if kept m the dark but tins piienonmnon was not 
observed in a marked degree in the case of cholesterol, 
as it was found to have lost, its active oi oeited state in 
the course of a few days. Moreover, apiirceialde amounts 
of glucose have been oxidised liy mixing the solution of 
glucose with the exposed cholesterol, olive oil, butter, and 
other oils respectively, containing the peroxide compounds* 
Hence it is believed that tlie anti-rachitic and beneficial 
properties of substances not containing the necessaiy 
vitamins are due to the presence of peroxide, which help 
the oxidation of food materials in tlie animal body. Sub- 
stances can acquire anti-rachitic properties when exposed 
to light only in presence of air and light- 

In the light of the observations made w'e can safely 
say that when the food materials are expo.sed to sunlight 
in presence of air, they take up oxygen forming some per- 
oxide type of compound which can oxidise other food 
materials when mixed with them. Consequently the addi- 
tion of the exposed substances to ordinary food stuff fiicili- 

’ Jour Ph 5 . Ohem., Jd, 737 (1930) , Sd, 993 (1930) , Ind. Jour 
Med Research 17 4S0 19‘ 9) 
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taies the propet ingestion of food materials and produce 
efficacious results. 

7 Sunlight and artificial lights have lieen used with 
gieat success in the treatment of tuberculosis, pernicious 
anmniia, rickets, etc. In some previous publications^ we have 
emphasised the importance of sunlight in the treatment of 
deficiency diseases and we have observed that rickets, 
osteomalcia, beri-ben, pellagra, etc., would have been more 
common in poor tropical countries like India and China, 
had not the compensating agent — sunlight — been present. 
This conclnsion has been corroborated by our experiments 
on the metabolism of animals. 

8. Having investigated the above facts on the 
effioacy of exposed oils in oxidising other food materials, 
we have carried on experiments^ on the metabolism of 
pigeons and rats using these exposed and unexposed oils. 
Incidentally we have also investigated the influence of sun- 
light and small quantities of colloidal iron preparations, 
juice of several green leafy vegetables, tomato, etc., in the 
metabolism of pigeons and rats. For this, different lots of 
pigeons and rats were fed on polished Rangoon rice which 
IS believed to be entirely devoid of vitamins for about a 
month. One lot had plenty of sunlight, whilst the other 
had very little of it. The lot which had sunshine did not 
show any sign of polyneuritis whilst the other lot not 
having sunshine developed stomachic troubles first and then 
acute form of polyneuritis, paralysis and their eyes were 
highly affected. All the affected pigeons were separated 
from the rest and kept in sunlight and fed artificially with 
substances rich in vitamins and containing iron m small 

> Jour, Phy. Ghera., 55, 1263 (1928); 55, 1897 (1929) 
and Ohomie der zella und Gewebs., 12, 217, 225, 317 (1925) , 75, 
209 (1926). 

’ Jour Phy. Ghem , 32, 737 (1930) , and Ind Jour. Med 
Research 77 430(1929) 
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loses. r.iey \^ere all hnA>iy care.l and restored to normal 
health. 

In carryint^ out fecdiiif' experimonts upon animals, 
one cannoi hut realise tuat the balance between health and 
disease, even between life and death, is actually under 
control The scales are so sensitive that they have been 
swayed in one direction or the other by the addition or 
subtraction of seemingly trifling quantities of certain food 
senfFs, A growing animal provided with plenty of food can 
bp stunted at will, made to decline almost to the point oi 
death and restored with miraculous suddenness by slight 
readjustment of the diet 

The expeiinients on the metabolism of animals were 
fuither investigated with different lots of pigeons and rats 
with the addition of following suhstanees mr.eil wrtli their 
diet (Rangoon rice) : — 

1. Rangoon rice and kept in sunlight , (2) Rangoon 
rice mixed with juice of green leafy vegetables and kept 
in diffused light ; (3) Rangoon rice mixed with in-adiated 
oil and kept in diffused light ; (4) Rangoon rice mixed with 
unexposed oil and kept m diffused light ; (5) Rangoon rice 
mixed with colloidal iron preparation and kept in diffused 
light , (6) Rangoon rice mixed with a little quantity of 
Bajra (Rennisetum typhoideum) and kept in sunlight ; and 
(7) Rangoon rice mixed with a little quantity of gram and 
kept m sunlight. The experiment lasted for a mo nth. 
Our experimental results show ^ that animals receiving normal 
diet and sunshine, viz , Set Nos. <5 and 7, keep very good 
health. Even if the animals do not get any vitanrinous food but 
only sunlight, tliev Iceep good healtin Of course, tlie ani- 
mals which got in-adiated oils were much liettor than those 
getting iron preiiarations andunexposod oils, though tliey were 

► « 

‘ Pabfc and, Dhar, Jour Phy, Ohem., 34, 737 {1930) , and Ind, 
Jour Med Researob 17 430 1920) 
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kept in darkness. Still they were getting inferior in general 
hcaltli to those which obtained sunlight but no vitaminous 
food. Hence it is found that irradiated oils are not effi- 
cacious as the vitafflinous food or even as sunlight. It is 
also found that iron in small doses which as are present in 
green leafy vegetables is beneScial to health. Our results 
also show that iron in larger doses is rather harmful to 
animals and cannot prevent the attack of polyneuritis. All 
these experiments confirm our view that sunlight acts as a 
promoter of oxidation of food materials in the body, and 
normal food with plenty of sunlight is the best for the 
maintenance of health. We are of opinion that in presence 
of sunlight the metabolism of the food materials taken in the 
system is accelerated and that is how the disease is avoided. 
Wo believe that by absorption of sunlight, the body cells are 
activated and greater amounts of oxidation of carbohydrates, 
fats and proteins take place than m the absence of sunlight. 
It seems pretty generally accepted that several diseases are 
caused by defective metabolism. We are of opinion that in 
these diseases which are caused by the want of proper 
metabolism, sunlight or artificial light should be highly 
efficacious, because as we have proved experimentally that 
the oxidation of fats, carbohydrates and proteins is greatly 
accelerated by light. 

A ll our experiments on slow and induced oxidations as 
well as on photochemical oxidations are imitations of Nature’s 
process of oxidation and throw considerable light on the 
processes of life phenomenon* 

Further work in this line is m progress in these 

laboratories* 
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SUMMARY 

(1) An cxplaiialiori frir ihi' nu'chanisin of indnoed oxnlaiion has 
been suggested 

(2) Carbohy(3r;i£os. fals, protoins, food nntorials, and other 
organio substances have in presence of mductois been oxidised 

(3) The oxidation of fats is reUided by caibohydrates oi less 
powerfully by proteins and to a groater extent by a mixture of 
proteins and carbohydrates Also the oxidation of proiems is 
markedly retarded by fats and carboh 5 xl rates 

(4) The view tiluit diabetes is due to msutlioient oxidation of 
f^iucose and fats in the body, has been corroborated by oiir expeii- 
mental evidence on the oxidation of insulm, winch pjoes to prove tli it 
the oxidation of msulm leads to oxidation of i>!ueose in the I'ody 
This explains the decrease of "luooso in, and diaappoaranoc of 
acetone bodies from, the diabetic blood and urine on injection of 
insulin. 

(5) Iron in the blood accelerates catalytioally the oxidation of 
food materials The iron preferably of colloidal nature, whim taken 
into the system, will supply the natural cluficienoy and the necessary 
amount of oxidation will take place, thus showing the effioienoy of 
the iron preparations m deficiency and nietubfdism discascg An 
explanation that fever is an autooat, al} 1 lo reaction has also iu cii 
suggested 

(6) Experimental results on tlie estimation el carbon dioxide 
prove that carbohydrates, fats, proteins, and otiicr organic sub- 
stances are oxidised by air at tiio orcUnary temperature in presonoe 
of inductor chiefly to carbon dioxide and not to any intermediate 
products 

(7) Comparative experiments on the induced oxidation of fats, 
carbohydrates, and proteins show that in presence of imluotor, tbo 
order of oxidation is the same as that obtained by Voit, the eminent 
physiologist. 

(8) An, explanation of the internal use of alkali and alkaline 
carbonates has been suggested based on the increased oxidation of 
food mater a s by air n presence of a ka The a ta ms treatment 
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gilouid prove effioaoious in gout, diabetes, beri-ben, rickets and 
other metabohsm diseases. 

(9) Aqueous solutions or suspensions of the following sub- 
stances have been oxidised by passing air m presence of sunlight — 
arabinosQ, cane-sugar, galactose, glucose, lactose, laevulose, maltose, 
starch, glycogen, urea, glycerine, a-alanine. hippurio acid, 
sodium urate, potassium stearate, potassium oieate, potassium 
palmitate, potassium oxalate, sodium formate, sodium tartrate, 
lecithin, cholesterol, butter, milk, egg-white, egg-yellow and dilute 
‘iolutions of oitnc, tartaric and lactic acids Zinc oxide, uranium 
nitrate and ferric nitrate act as a powerful photoseusitiser in 
the above oxidations and in their presence the amount of oxidation 
in each case is greater than m their absence. Our experimental 
results show that the amount of oxidation increases with 
(a) the intensity of light, (6) the amount of light falling on the 
solutions, and (o) the time of exposure. 

(10) Experimental results on the estimation of carbon dioxide 
prove that carbohydrates, fats, proteins, food materials, choles- 
terol, lecithin, etc, are oxidised by air m presence of sunlight 
chiefly to carbon dioxide and not to any intermediate product. 

(11) Comparative experiments show that order in which the 
food materials are oxidised in presence of sunlight is as follows • — 

egg-y ellow > s t arch > egg-white > butter > glucose, 

(12) The Einstein Law of Phofcoohemioal Equivalence is 
approximately applicable to the photochemical oxidations of 
glucose, lactose and alanine by air, 

(13) Experimental results show that appreciable amounts of 
the compounds of the peroxide type are formed when air is passed 
through aqueous suspensions of cholesterol, butter, olive, coooanut, 
mustard, castor, and Imseed oils and some carbohydrates. These 
peroxides have been estimated by the amount of iodine liberated 
by them from an acid solution of potassium iodide Moreover, 
appreciable amounts of glucose have been oxidised by mixing the 
solution of glucose with the exposed substances containing the 
peroxide compound. Hence it is believed that the anti-raohitio and 
beneficial properties of substances not containing the neoessaiy 
vitamins are due to the presence of peroxides which help th^i 
oxidation of food materials in the animal body 

(14) From the experiments on metabolism of animals, we 
have proved that sunlight m the best prevent ye for diseasea hke 
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polyneur tie ben ben nckets eto 01 ve o 1 eipoeed to mm! ght 
and air, oomes on close second, wbero.,3 iron and tmexposed oils 
lire hermful to animals The natural food vvuh plenty of sunlight 
seems to be the best kind of diet for the maintenance of health. 
In tropical countries, many deficiency diseases are aroidod due to 
sunlight. Hence sunlight and other kinds of artificiai lights prove 
eflicaoious in the ireatinont of diseases apeoiaily of metabolic origm. 

(15) These results (induced and photochemical oxidations) 
ate very impoitant, because these oxidabons are of the same type 
as those taking place in the animal body. The experiments in this 
investigation are in reality imitations of Nature’s process of oxida- 
tion of food materials in the animal body. 
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THE COMPARATIVE , VALUES OF VARIOUS 
FRESH FRUIT JUICE MEDIA IN RELATION 
TO THE GROWTH OF CERTAIN 
DEUTEROMYCETES 

BY 

A. K. MITRA 

Mesearch Scholar, Department of Botany, 

University of Allahabad. 

INTEODUCTION 

The study of the Deuteromycetes under artificia) culture 
has led to the recognition of the fact that most of the 
organisms are variable. In these variations may take 
place when subjected to a number of different environmental 
conditions, but a change of the substratum often markedly 
affects their growth. Investigations on the effect of different 
media on the growth of such fungi have resulted in the 
discovery of several useful media many of which are used 
for the production or intensification of some particular 
character of the organism. Thus a starchy medium such 
as Rice Agar is beat suited for the study of colour production 
by a fungus and Richard’s agar has proved to be very 
favourable for saltations. 

Fruits are specially suitable for the preparation of 
media because of the valuable nutritive substances they 
contain and the ease with which their juice can be extracted. 
That is why a large number of fruit juice media are em- 
ployed in the Western countries for the cultivation and 
study of the fungi. In this country it had been the practice 
to prepare media from those fruits only as are used in 
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the foreign countries such as Prune jmce agar apple agar 
etc., because their effects are known. But though a large 
number of fruits grow every year in India there has almost 
been no attempt to ascertain the relative effects of tho 
media prepared from their juices on the gro'svth of fungi. 
Moreover, as lias been pointed out before, useful results 
are always to be obtained from the study of the suitability 
of so many widely varying media. According to Brown (5) 
the problem why one organism grows well in one medium 
and not on another is of “ greatest interest in pathology, 
as its solution would form a vantage ground for the study 
of immunity in so far as the latter is based on nutritional 
factors.” 

The present paper is an attempt to investigate the relative 
values of the juices of certain Indian fruits, as media, for 
the cultural study of four Dcuteroni} cctes. 

Maieriah and Method - — At the beginning the four 
fungi were freed from bacteria by the method of Brown (i) 
and single spore cultures were prepared by the triple dilu- 
tion and poured plate method. These single spore cultures 
were kept in plugged test tubes and were the source of all 
subsequent inoculations. For observations petridish cultures 
were made in triplicate and no character (ealtants excepted) 
has been presented here that did not appear in all of the 
three plates. 

Preparation of the Media. — 1. Brown’s sjnthetio 
medium with starch. 

Asparagin 2 gms. 

Magnesium sulphate "75 gm. 

Olucose 2 gms* 

Potassium phosphate 1'25 „ 

Starch 10 „ 

Agar 18 - 

Distilled water to make up 1000 (MJ 
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A-Sparagin and Magnesium sulphate were dissolved 
separately in boihng water, the volume measured and added 
to the rest when cool. 

2. Red Mulberry Agar (Moms indioa ), — Only the 
very ripe deep purplish fruits were selected. They were 
thoroughly washed and the juice was prepared by squeezing 
through muslin. The seeds, which were rather hard and 
BO did not get crushed, were discarded. The juice tasted 
B^vect but acidic. 

Undiluted juice — 100 c.c. Agar — 18 gms. 

Distilled water to make up — 1000 c.c. 

A Green Mulberry Agar {Morns afha ). — Only the 
very ripe fruits were selected and the juice prepared as in 
the former case* Taste— very sweet. 

Undiluted juice — 100 c.c. Agar — 18 gms. 

Distilled water to make up — 1000 c.c. 

4. Water-melon Agar {Citrullm vulgaris)-— The skin 
and the seeds were discarded and the juice was pressed 
out of the pinkish tissue through muslin. 

Undiluted juice— 100 c.c. Agar — 18 gms. 

Distilled water to make up — 1000 c.c. 

6. Kakii Agar {Cucumts uhhssimus ). — The fruits 
were cut into small pieces and without remoTing the skin 
or the seeds were crushed thoroughly in a mortar. The 
juice was extracted out of the pulp through muslin. Taste 
of the juice — flat- 

Undiluted juice — 100 c.c- Agar — ^18 gms. 

Distilled water to make up— 1000 c.c. 

6. Kharbuja Agar (Oucumis melo ). — The skin and • 
the seeds were discarded. The fleshy portion yms pounded 
in a mortar and pressed through muslin. Taste — 
sweetish 
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Uadiinted juice — 100 e.e. Agar — 18 gooe. 

Distilled water to make up — 1000 c c. 

7. Phalsa Agar {Greivia astatica). Only the ripe deep 
purplieh fruits -were chosen, washed) and pressed through 
muslin leaying out the seeds and the fibrous parts. Taste — 
acidic. 

Undiluted juice — 100 c.c. Agar — 18 gms. 

Distilled water to make up — 1000 c c. 

8. Bel Agar {Aegle Marnielos). — The fleshy portion 
adhering to the hard eoat and the central part with 
mucilage and seeds were rubbed against a stretched muslin. 
A semi-liquid extract came out leaving the seeds and the 
fibrous parts. Taste — flat and mucilaginous. 

Undiluted extract — ^50 gms. Agar— -18 gms. 

Distilled water to make up — 1000 c.c. 

9. Mango Agar {Mangifera indim ). — The “Sindnri” 
variety from Madras was employed being the only kind 
obtainable at the time. The skin was peeled off, the fleshy 
portion was cut to slices and pressed through muslin. 
Taste — sweetish. 

Undiluted juice — 100 c.c. Agar — 18 gras. 

Distilled water to make up — -1000 c.c. 

10. Lichi Agar (Guaphalmni hchi ). — Only the sweet- 
est ones were selected- The skin and the seeds were 
discarded and the juice was extracted by pressing the 
fleshy portion through mnslm. Taste — sweet. 

Undiluted juice — 1 00 c.e. Agar—18 gms. 

Distilled water to make up — 1000 c-c. 

11. Pomegranate Agar (Punica granatum ). — The 
'' juice was pressed out of the seeds through muslin. Taste™ 

"sweetish. 

Undiluted juice — 100 ca Agar™18 gms 

Distilled water to make up 1000 c.c 


iiiljijAaiV t tAIiUAS on jt'JlUIT JTJKJES AS IfBDIA UOi 


The pH-yalue, colour of the media, etc., are tabulated 
below — 


Moaia. 


Browa’fi btarth 
Bi <i MiiSbfrry agai. 
(Ire an Mulberry 
agar 

Water-melon agar 

Kakri agar. 
Kbarbuja agar. 
Phabtt agar 

Bel agar, 

■Mango agar. 

Tnobi agar 
Boniegninate agar 


Symbol 
used * 

pLI-yalue 

Colour of the juice 

Colour of the 
media 

Bt 

70 


Pale-ohye buS 

Mr 

4 3 

Onnnthian purple 

■WalEuit brown 

Mg. 

70 

Yellowish white. 

Deep-olive buS 

Win 

0‘2 

Deep flesh pink. 

Pale Cartridge 
"bufl 

Pale-olive buff 

Ka. 

7 2 

Light green 

Kh. 

66 

Pinkish 'biiS 

Pale-ohve buff 

Ph. 

36 

Bright Spinel 
Ked 

Pale-olive buff. 

Be. 


BuS yellow. 

Deep Apneoti 
orange* 

Ma 

48 

Plimuline yellow 

Ivory yellow. 

Tj! 

1 46 

Palo milk -white 

Pale-obvs huff. 

Po. 

j 62 

1 

1 

Pale cream 

Duty cream 
white. 


To preveut, as much as possible, the decomposition of 
the compounds present in the fruit juices the media were 
sterilized by the method of fractional sterilization, which as 
recommended by Harsberger (8) was done for 20 minutes at 
lOO^C on each of the three consecutive days. In the case of 
Pbalsa agar and Red Mulberry agar the juice and the agar 
had to be sterilized separately and mixed just before hllmg 

up the plates. 

For the present study only those fruits were emplojed 
as could bo obtained fresh from the local market at the time. 
Brown’s etarch-svnthetic medium was chosen as the standard 
for comparison. The pH-value determmations were made 
by the colorimetric method. It is yery difficult, if not im- 
possible, to get correct values with this method especially 
if the solutions are coloured So the results put forward are 
to be considered not as exact figures but only as closely 
approximate yalues. Colour identifications were made as 
far as possible with the help of Ridgway s (14) book. - - 
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the iBfeaia bave bsep refewed to by these symbols. 
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Observations on tie cultures on the first aix media 
which were inoculate 1 at the sine tn e to ensure identical 
oonditions, were nsado at a temperature varying between 
89*^ to Srs" F. The cultures on t!)e rest five media, which 
though inoGulatod later wore also done simultaneously, were 
grown at a temperature of 93° to 95” F. 

Fun^i iis&d . — The four fungi used in this work 
were growing sapropliytically on various organic debiis. 
Cultures were sent to Dr. Wollenw'eber to whom the author 
is indebted for the identification of the species. 

The general characters of the fungi as found on the 
various media are described below. 

Fungus No. 6. — 'Fumnunt l^Hmraatnni (Rob) Sacc = 
Fusarium senutectum. Berk et. Kav. variet} JJfijus. "Wr. 

Mycelium pale pink, hjaline to minutely vacuolate, 
septate, 3‘5~5'2 m thick. )Spore8-byalinc, slightly curved, 
ends gradually attenuated, apedicillato, 0 to 3 septate, 
Septation mode 1. Range of sbse 7‘8 to 25'9 by 3'5 to 5‘2 i*. 
(Plate III, 1.) 

Fungus No. 7 — Mmros^orium sp. 

Mycelium deep mouse grey, sligiitly vacuolate, septate, 
3'5— 6'0 e thick. Spores dark coloured, stalked, 0 to many 
septate (about six), muriforra, older ones rougli-walied. All 
of the cells and even the stalk may germinate. Range of 
sme 10-4— 62T by 0-9-I6-4 m (Plate HI, 2 and 7.) 

Fungus No. ^—Acrothecium sp. 

Mycelium dark mouse gre.y, slightly vacuolate, septate, 
3-5— 5*2 thick, spoies dark coloured, the two end ceils less 
dark than the inner ones. Spores pearshaiied, elongated 
or bent, the amount of curvature varies. In throe septate 
spm'es ono of the inner cells exhibits a prominent bulging. 
Ohve-brown to blackish grey in colour. 0 to 3 septate. 
'Septation mode 3 but on some media 1. Oermination takes 
place by the hyaline end cells. (Plate HI, 5 and 6.) Range 
of size 6'9— 25-9 by 5*2— 10’4 
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Fungns No 10 ^pKana ep 

Mycelium Pinkish white, hyaline to mostly vacuolate 
septate. 3'5 — 5‘2 ^ thick. Spores hyaline to vacuolate, oval 
to ellipsoidal, a septate. Range of size 5 '2 — 22'4: by 2 '6 — 
6’0 (Plate III, 3.) 


OBSERYATIONS 


(A)— Maceoscopio Ohaeactbks 


1. Lhiear Growth rate . — Prom the graph in the Text 
Fig. 1 it is found that F’. inearnahim (No. 6) shows the 
greatest rate of diameter increase on Green Mulberry agar. 
Its rate of growth on Kharbuja agar is also nearly as great 
and in fact the average rate of radial advance m both of 
them is the same (see Text Fig. 5). On Phalsa agar the rate 
of spread is remarkably slow and on Pomegranate agar it 
is slowest — the culture not reaching more than 2’7 ems. in 
diameter even after fifteen days’ growth. All the media 
arranged in a series sliowing a descending order of growth 
rate are Mg, Kh, Wm, Ka, Be, Li, Br, Mr, Ma, Ph, Po. 

The linear rate of spread of the fungns on all the media 
gradually falls off as the colony grows and thus gradual 


staling is shown- 

From the graph in Text Fig- No. 2 which shows the 
growth rate of MacTos^orium (No. 7) it is seen that for 
this fungus also the most rapid growth is obtained on Green 
Mulberry agar and the next rapid growth is found on Red 
Mulberry agar. The colony on Brown’s starch is staling 
so that though its graph begins at a higher point than many 
of the media, it later comes down to a lower level. On 
Pomegranate agar the rate of growth is slowest. The 
series showing a descending order of growth rate m is 
fungus is-Mg, Mr, Kh, Wm, Ka, Be, Li, Ma B.r, Ph Po. 
The chart for the average rate of radial advance (Text 
Fig. 5) also shows the same series- 
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The graph in the Test Fig. No- 3 showfi that here also 
ioa Mulberry agar prores to be the medium oa ■which 
'othecmm (No- 9) shows the greatest rate of spread- Oa 
i Mulberry agar there is second highest rate of gro-wth. 

1 ^^erie9 of the media showing deereasing growth rate 
his fungus is Mg, Mr. Win, Kh, Ka, Br, Be, Li, Ma, Ph 
Po, The same senes is also obtained from the hgures 
he average rate of radial advance (see Test Fig. 5). 

In the graph in Text Fig- No. 4 we find that Spkaria 
). 10) also shows the greatest growth rate oa Green 
iherry agar- Second highest rate of spread is again 
wn on Bed Mulberry agar- The slowest rate of growth 
ound oa Pomegranate agar. The order showing a dee- 
ding series of the rate of linear growth for the fungus 
dg. Mr, Be, Kh, Wm, Li, Ka, Ma, Br, Ph, and Po. 
e same series also holds good for the average rate of 
Lial advance on these media (see Text Fig. 5). 

Macroscopic characters other than the rate of linear 
>wth are tabulated below 


Fusarium incarnaimn. No. 6. 


Growth 

1 

Aerial | 
myoehuiB i 

l_ 

^onatjon- 

Moderate. 

Feeble 

2, distinct- 

Very fair 

■Very feeble. 

Absent- I 

Otbod. 

Mod-erate. 

Absent 1 

Slight 

Absent. 

Absent. 

Scanty. 

Fpeble. 

Very feeble. 
■Very fair. 

Absent. 

Absent. 

Absent. 

Feeble 

Absent 

Absent. 

Absent 

Absent. 

Moderate. 

WaiT. 

Very feeble 
Y eiy feeble 

Absent 

Absent, 

■Very feeble. 

Absent 

1 Absent. 


Oolour 


From aboTe I Prom beneatb. 


Pale pjnk- 

Pale rlnacJaaOB 
Vink 

Pale Mcnamon 
pink 

Pale Tellulbufi- 

PaleTeUnlbufE.] 

Pale Tellnl bnfl 

Pale Tellul b-nH i 

Pate cianamon] 
pink 

PaleTellul buS 

Pale cinBatnoii 
pink 

Pale Tellul buS 


Light Oohraoe- 
ons buF 
Darkish Wal- 
nut brown 
1:1 ear Ocbraoe 
oufl buffi- 
Pale Caitndgt 
buff 

Pal<. Oliire b»fi 
Pale Olive buH 
Pal«j Olive buffi 
Near dark Ap 
ricnt orange 
Pale Olive blifl 
-Pale Oarbridfir 
bufi 

Pale Olive buE 
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The aerial myoelmm .las a .oose cottony texture "wliere 
3 nt On Mr, Li and Ma tlje aerial mycehuiu is almost 
nt but the colony is rather thick. Then comes Kh, 
, Ka, Ph and Po m order of the thickness of the colony. 
j are pellucid and have no aerial mycelium. On Brorvn’s- 
di only (Plate I, 1) there are two zones of better 
loped aerial mycelium. Tiie media remain uncoioured 
he colour as seen from beneath has been recorded. 


Mucrosporium sp. No. 7. 



Aerial 

myoediuru 


Cril 

our 

Griuwtll- 

Zonation 

From above. 

From beneath 

rVur. 

Fet 

rl, dist.net 

Deon mouse 

Deep nolltr.ll 


Very good 


grey. 

grey. 

Gooi3. 

1, broad. 

Blackish tuinise 

1 Dusky purplish 

ViffOtcms, 

Abundant 


gri y 

j grey. 

1, nithstinct 

Bi.i( k.sh moii8i> 

Deep Bluish 


I'Mir j 

4, £umt 

gfoy. 

j gri y. 

Moderate. 

Dark neutral 

1 Groyish slate. 




grey. 


Moderate. 

Feeble. 

T, distmcti. 

Dark neutral 

Pale gieyish 




grey 

slate. 

Moderate. 

Good 

3, distinct 

Deep mouse 

Deep slato 




grey. 


Feeble. 

Feeble. 

1, faint 

Dark ntuoial 

Pale slate. 




grey. 


Good, 

Very good. . 

1, indis- 

Dark mtniae 

Dark slata. 



tnu.b. 

grey 


1 air. 

Good. 

Abaent. 

Deep mouse 

Clreyiah slate. 

Fau. 



grey 


Good ' 

Absent 

Dark mouse 

I Deep slate. 


Slight 



1 

Fticblo- 

3, (liacinct 

Diep mouse 

Blate. 




grey. 



In this fungus the deep mouse grey cottony mycelium 
overed over by a whitish mycelium which is mostly 
ent near the centre* On Mr, it forms a broad 
near the centre (Plate I, 5) and on Mg and Be 
rms an indistinct ring at the same place. The growing 
Xin of the colony on Mr, Mg, Bo, Li and Br had a Dark 
green colour. Unlike the previous one this fungus 
irted colour to the substrata which appeared in a marked 
ee afl^F about fifteen days’ growth. In Br. the colour 
he medium is present in a prominent ring 1*2 cnis wide 
distance of about 2 cina from the centre. 
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Acrotheciim sp. No. 9 






Colour 

Orowi'h 

Aerial 

myd’liurij 





Koiuliiiti. 

! 

Pi cm above 

Prom bensatb 

Vigorous 

AbllluUlllt 

1, broad. 

Dart 

grey 

mousf^ 

Slsto grt y. 

V(rj Vigo*- 
oilri 

, Veiy abun- 
iiari. 

3, faint 
^ 1 

Dr rk 

mouhe 

Dark olive grey 


Vi> V .il'iiii- 

cUiut 

% land 

D.^it 

giey 

mouse 

(ireen Mmsli 
slate 

VigiironH, 

1 1 

A liufHlaiiii* 

Al’SiMit' 

1 

l^ark 

gri^r 


1 Slak*. 

1 

Vi ry gooi! 

Vvy grioC 

4, diHitnict 

Daik 

grey 

mouse 

Pale slate 

VigorouH. 

A bund ant 

3, indiS- 
tllict 

Dark 

grey 

inoubP 

Slat.e. 

CrOOf] 

Gooil. 

Ab-ient 

Dark 

grey. 

mouse 

Slate grey. 

Vory TigtH* 

Very good. 

1 

Absvnt 

Dark 

grey 

■mouse 

Blaekish purple 
slate 

VjgorouB, 

Very good 

Absent 

Dark 

grey- 

mouse 

Near castor 

grey. 

Vigorous 

Vi'ry good, 

Alisent 

Dart 

grey. 

mtniBe 

Slate. 

Fair, 

Ftur 

1 

Abacnt 

1 Da rk 
i g'ey 

mouse 

Ligbt grey. 


In Acrothecnini the aerial mycelium has an 'wooly 
ure and dark mouse grey colour on all the media. 
Br. theie is a broad ring of white surface mycelium 
1 the centre (Plate I, 12). On Bel agar there is no 
ation but the culture shows a number of longitudinal 
oves extending from the centre of the colony to the edge 
ife n, 3}. The colour noted from beneath is the colour o’f 

substrate which is developed to a marked degree after 
len days groi^th 
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Sptc«; ifi 61 'No 10 



Aei la! 

iii> ^ eliuiiii 


GeleU' 

Gujwth 1 

JSeinai Kill 

F 1 tii]i <*> 

From bejifatih, 

oiJcrat't'* ^ 

Fair 

Alisi jit 

Pmkisk %%'biti^ 

Pinkish bafi 

1 

Gr>0(i 

Pair 

1 

1 

Abs^ lit 

I’inki'-h ivhite 

Dark Walnut 
bi own 

Goud 

; llOlU), 

\ lisenl 

Pinkish ■whib‘. 

IjifOit r.nnamoii 
liufr 

rtd;k‘ 

^ j 

i 1 

Ab eiil 

P*il<" pinkish 
\v hni<' 

Pinkish 0,11 1- 
' 1 (Jk’‘ buff 

Pe< blK 

1 Mo'lerjte 

Absejlii 

i’jle p.nlv.sli ■ 

uliite ’ 

' lki,!e pinkisli 

' bull 

1 


! Fes file 

j 

Allhl'Ill'. 

Pinkish wluti*. 

1 

Pell' tunkihli 
bufV. 

Very kclik , 

j Peeb'e 

Ab'.eijtj 

1 

I'ol" pijikisb 
wlnle. 

Pall pinkish 
bull 

Good 

Goud 

I 

Absent 

Finkifili wliite. 

J)'jrk Abui.^it 

Mod era! t' 

] Modoiatt' 

i 

Absent 

Finkjah whit-B 

j 

Pale fiiUkmll 
vellf'Vi. 

Fair, 

Fair 

Absent 

Pinkish \v!iifi‘. 

Piiiktih buff. 

Very feeble. 

1 Feeble 

1 

Absent. 


I'lile piiiki“h 

wbitii) 

. 


In this fongUB tlie aerial inyoeiium is loose and cottony 
has a pinkish Avliito colour on all the media. On the 
five media it is developed only in the centre of the 
ny. The media lemained uneolourcd but tlio colour as 
fiom below has been recorded. 

(B)— Mioboscopic Chajiact^bub 

As advised by Brown and Horne (7) samples for 
patative purposes were taken at about 1 oui. 
iuce from the ceutte when t‘ e cultures were fifteen 
old After noting t le condition t vacuo ation, etc.) 
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ny ehcm and th apores tfie elides 'were kep 
iG and further examinatioiis made, 
le shape of the spores remained practically cans 
j hccn descrihed before The iiijmeliuin and the spi 
ungi on all the media ranged from fiyaline to raciio 
tins respect no constancy was observed- In an mi 
ley granular. 

her ciiaiacters are tabulated below— 


Spon4aiw/2. 


Fus.'ruini 

1 

Jrl.ii loeptu lUW 

Ac t otlieomm 

Spii ui 

Ft (.'hk' 

Very yoml. 

Very Beml 

Go 1x1'. 

1 Vt-ry 

Ink nse 

Very giMicJ 

Intense. 

1 lOiui. 

V ery ifoml 

Tnlieii'-e 

Ititiensu 

Fft'bly 

S parte 

Fair 

1 Fair, 


Fair 

Fieple 

1 Fair 

Kfiir' 

G(io<l. 

Fair 

! InteriBe 

Very Bp<irst* 

Very lei ble 

Vtryleeble 

1 Fair. 

Oood. 

Fan 

Very fair 

Very good 

Fair. 

Feeble 

Fair 

Good 

Fail . 

\’‘eiy fait- 

Good- 

rntemae 

Very feeble 

Sparse 

8pa rse- 

Fait. 


ptatim —The spores were so counted as to a'' 
nous selection. The results of 100 spore counts 
graphically in Text Fig. 6, and the average septa 
ated below. 

Ave? age septaUoH’ 



ngus jTo. T . — Macrosporium sp- The spores ■' 
m and no counting of septa was attempted 




'H 
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Fungus No. lO,-~Spu‘aris sp. T!ie syores 
t septate. 


weie ul 
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I^rom tbe iext Fig No 6 it is seen that on all the media 
tile septation mode of F, incarnat-um (No, 6) remains one, 
but on all of them, excepting Phalea agar, 0- to 3-septate 
spores are found. There is greatest number of 1-septate 
and 3-septate spores on Red Mulberry agar but there is far 
g I cater number of 2-septate spores on G^reen Mulberry agar 
than on the former medium. So the average septation on the 
latter medium is higher. If the average septation be the 
index of the suitability of the different media with regard to 
this charactei then the figures give us the following series in 
a decreasing order of suitability for this fungus : Mg, Mr, Be, 
Li, Wm, Kh, Ma, Br, Ka, Po and Ph. 

On the other hand Aeroiheuum sp. (No. 9) shows a 
throe mode septation on the first six media but on the last five 
media the septation mode is changed to one. The largest 
number of 0-septate and l-septate spores were again found 
on Phalsa agar which also showed the fewest S-septate 
spores. So in the case of this fungus also there is lowest 
average septation on this medium. On Green Mulberry 
agar the number of the 3-septate spores and the average 
septation also are highest. In this fungus the following 
series of media are obtained from the figures of the average 
septation. The series m decreasing order is, Mg, Mr, Ka, 
Br, Wmj Kh, Be, Li, Ma, Po and Ph. 

Measuyements.— In Fusarium incarnatum (No. 6) the 
largest spores were obtained on Red Mulberry agar and Green 
Mulberry agar. The 0-septate spores were 9 5— IS'S x 3‘5 — 
T3ja, average size lB2x3*5fi. The l-septate spores were 
P 4 7 — 2(j‘7 X 3'5“ 5' 2i«., average size 19 8 x 4’3(W. The2-septate 
spores were 17’3 — 22'4 x 4'3 — 5'2^, average size 20‘7 X 5'2At. 
The 3-septate spores measured 19‘0 — 25‘9X4'3 — 5‘2ft, 
average size 22 4 x 5'2;i. On Wm, Kh, Be, Ma and Li the 
next largest spores were obtained. The average size of the 
3-S6ptate spores were 19 8 x 5*2f*. On Br, Po and Ph 
spores of the owest d mensiouB were found T le O-septale 
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spKjreB ranged froii 7h 112x35 4 3 m The 3 sej tato 

spores were i7‘3 — 22'4 x 3'5 — 5'2 m, areroge size— 

18'2 X 5’2m. 

Ma&rosponmn (No. 7) also shows tlie largest spores 
OH Red Mulberry and Clreen ilulberry agars. The nieasiiie- 
meuts are 10 4 — 02 1 x {>‘9 — 16'4 m‘ Oh the rest of the media 
the spores generally varied fioin 10'4 — 51‘8X 6*9 — 15'5jw. 

In Ai'i'oihedum sp- (No. 9) greatest dimensions of the 
spores are found on the following media— Mr, Mg, Kh, Be, 
Ma and Li. The spores generally measured, 0-sept, ate ones 
6'9 — 14'7x6'9 — 8 * 6 m 3 average size — 13‘H x O'Om* 1 -septate 
spores [J 0 4 — 1 7'3 X 6*0 — 8 'Gm, average size — 15 h X 6‘9/«- 

2- septate spores 13'8—*'19'0 X 6‘9— 10'4m, average size — 
16'4X8 ‘Gm- 3-septate spores IT 3—25'9 x 8 'G — 10*4^, 
average size — 20" 7 X 10 ’4m.- On tlie rest of tim media, tnz , 
Br, Wm, Ka, Po and Ph, the spores were shorter and the 

3- septate spores measured ir>'.5 — 20*7 X 7 8 —9 5m, average 
size — 18'2 X 8 ‘ 6 m- 

Spicaria sp. (No. 10) shows largest spores on llod 
Mulberry agar, the measurements being CD— 22'4 X 3*5 — 
6 "Om, average size — 13'8X5’2m. On Mg, Kh, and Be nest 
higher measurements are found — the average size of the 
spores being 13*0 X 5'2m. On Br, Ma, and Li, the average size 
of the spores is 11’2 x3'.5m On the rest of the modia, me, 
Wm, Ka, Po and Ph the shortest spores are observed. They 
measured 5‘2— 7‘3X2'6 — 4'3m, avonigo size — U)'4X3‘5 m. 

True chlamydospores were found is Aeroihecinm (Plate 
HI, 4). They were absent on Brown’ s-stai eh but on other 
media they were present m fair numbers. Borne swellings 
of the hyphae with no thick wall were however found in 
almost all the enlturee of Fusartum moarmtum (Plato 111 , 
8 ). It is not certain whether they are meie swollen hyphae 
"or are of the nature of chiaiiiydospores. 

Saltations . — L No. 6 a. — This saltaiit of F. incarnutum 
arose as two sectors on Red Mulberry agar (Plate 1 2 ) 
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It jiad better developed white aenal myceliura than the 
parent and probably had a faster growth rate also, because 
the sectors outgrew the radius of the parent colony. 
Medium remained uncoloured. Sporulation was very good 
and the spores were hyaline to vacuolate. The septation 
mode was 1 and the average septation was 1’30. The 
measurements were the same as that of the parent, 

2. No. 6b. — This saltant (Plate I, 3) of F. mcnrnakm 
arose on G-roen Mulberry agar and occupied nearly half of 
tbe diameter of the colony. It was very staling and the 
colony never reached the edge of the plate. The margin 
of the colony was wavy. There was much less aerial myceli- 
um than the parent. The medium below it remained un- 
coloured. Sporulation was good, the septation mode was 
one and tbe average septation was 1‘30. The measurement 
of the spores were the same as that of the parent 

3. No. 9a. — This saltant of AcrotJiemm (Plate I, 12) 
arose in tho form of sectors on two of the three plates of 
Brown’s starch. It had only a very moderate amount of 
aenai mycelium. The colour of tbe aerial mycelium was 
Vinaceous russet (reddish) and in this respect differed very 
markedly from that of the parent which was dark mouse grey 
(blackish). Colour of the medium below was light Russet 
YinaoeouB. The red colour of the saltant seemed to be 
present on the cell wall only. Sporulation was very meagre. 
The spore mode was 3 and the arerage septation was r96. 

The spores were shorter than the parent, their measure- 
ments being S-septate spores 13*8-~13*2 x 6‘9-“9-5?*, average 
Bssse — 15'5 ^ 8‘6 

4. No. 10a. — -This saltant of Spicaria (Plate 11, 5) arose 
on Red Mulberry agar and occupied the major part of the 
culture so that the parent assumed the form of a sector. It 
had less of aerial mycelium and the colour below yras Russet. 
Sporulation was intense and the spores measured the same 

as that of the parent- 
F 38 
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COMPABISOi^ or REbULlb AND DISCU&blON 

From the observations presented before it is seen that 
almost all the characters of tbo four fungi show the great- 
est development on Green Malherry agar. The only excep- 
tions are found in sporulation whei'C Fuiiaruim and Mac.ro'i- 
poritim show slightly hotter sporuJation on Rod Mulberry 
agar. The measurement of the spores of Sptcarta is also 
slightly greatei on the latter medium. I^onation, howovei, 
IS rather poor on Greon Mulberry agar. On itod Mulberry 
agar there is generally second best development of all the 
characters) though sometimes, as in the case of the deve- 
lopment of aerial mycelium in F/thunio)/ anil Spi cat la and 
m the sporulation of (dfwrttmi, it is superseded by other 
media. Only the linear growth rate of Fmacunn is rather 
slow on this medium. 

All the fungi in a like manner show very feeble deve- 
lopment on Phalsa agar and Pomegranate agar There is 
least rate of growth of all the fungi on Pomegranate agar 
and the colour and development of tlie aerial mycelium is 
the feeblest. In these respects Phalsa agar is only slightly 
better than it. But as regards sporulation, septation and 
measurements of the spores the order is reversed. Phalsa 
agar proves to he the worst medium and Pomegranate agar 
ie only slightly better. 

The rest of tho media vary in their positions among the 
other media with regard to tlie different cliaraetcrs. On Eel 
agar there is very good dovciopment of mo.st of the characteis 
and often it equals Red Mulberry agar or even Green 
Mulberry agar. But the linear growth rate of Fusarmm^ 
MaorQ^porhm and Aorothechm on this medium is slow. In 
almost every case Tichi agar comes next to Rel agar but fungi 
ASpQ. 7, 0 and 10 show slightly better sporuJation on the 
fprmer medium tlian on tho latter. Not a very good deyelop- 
IB shown by the fungi on Mango agar On this medmia 
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their rate of growth is very slow but other characters show 
a fair development. With these the standard synthetic 
medium Brown’s starch does not compare very favonrably. 
All the fungi show a slow rate of growth on this medium but 
some characters do show a good development on it- Thus in 
aporulation of Mao o^’por turn and Acrothecium it approaches 
Green Mulberry agar and Bed Mulberry agar respectively. 
The aerial mycelium of these two fungi shows a fair develop- 
ment on this medium On Kharbuja agar there is very 
lapid rate of growth but excepting sporiilation other charac- 
ters fail to show a good development on it. Similarly, on 
Water-melon agar and Kakri agar the fungi show a fast 
growth rate but all the other characters are developed poor- 
ly. Zonation, however, is better shown on Kakri agar than 
on any other media. 

It would be very difficult, if not impossible, to a 'count 
for all these behaviours of the fungi on the various media 
It vrould be hazardous to assign the results to any particular 
factor in these multi-conditioned metabolic processes This 
is more particularly so in the event of an almost entire 
absence of knowledge about the composition of the fruit 3 mees 
which have been employed However, the following 
conclusions seem probable. 

It has been found that on Green Mulberry agar there 
is highest rate of spread and best development of other 
characters but on Water-melon agar and Kakri agar a high 
growth rate is found associated with a feeble development. 
Thus it is seen that a greater rate of linear growth does 
not always correspond to a greater development with regard 
to other characters. This has also been noticed by Lacy 
(11) working with the same four fungi. Similar conclusions 
have also been reached by other workers as Brown (6) and 
Stevens and Hall (15). The latter state that “no correlailos. 
ifi noted between the rapidity of linear growth and the 
nntntiv© value of tl e medium In many cases most rapiu 
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mear growt i occurre 1 m w at wis sure y the poorest 
inedinm It has alre idy been pointed oat that this work 
was carried out at a laiher hifrh temperature According 
to Balls (I) there is an optimum temperature for growth 
beyond which the growth curves decrease and Mitra (12) 
states that for a given fungus the optimum temperature for 
growth varies with the mediunu He finds that Brown’s 
medium gives in geueral <a lower optimum tempera tuie 
for growth than other media as Prune juice agar, etc. 
For these fungi also it is possible that the temperature at 
which they were grown were rather higher above the 
optimum more especially for Brown ’s-atarch but in the 
absence of any dchnite knowledge it is best not to infei 
any conclusion. Acidity of the medium 1ms a marked 
effect on the growtli of Fungi Working on Fumrmm 
Horne and Mitter (10) obtained curves of the usual optimum 
type and found that some ’Strains ivori' more tolerant of 
acid than others. According to Boyle (S) the pH-limits 
and optimum for growth of FnsariMm depend on the 
medium. The results obtained in this work probably 
justify these conclusions, Both Bed Malbeiry agai and 
Phalsa agar have a high eoncentration of acid hut on the 
former medium there is much better development of all 
the fungi than on the latter. On the other hand, bettei 
development is obtained on the less acidic G-roen Mulberry 
agar than on the more acidic Red Mulberry agar. Zonation. 
has been, from time to time, attributed to various causal 
agencies. Bisby (2) attributes tins character to alternating 
light and darkness and according to Mitra (12) this ejffect 
IS more clearly marked m the neighbourhood of the optimum 
temperature. Hedgcock (9) finds that in (Jophalotheeium 
daily variation in temperature is not the cause of zonation 
•anfd according to Brown (6) this character is a function of a 
particular strain and has some systematic value. In this 
work it is noted that though exposed to the same conditions 
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Ilf J 1 HI 

Strain 

tliiit l»ii n fi’ 
tfrt' IjUt -51' T5 ' 5 iitjjs 

heff 4i'= i !! 


55 e n ed um and not on others 

are produced by a particular 

, „ , ■ 5 a 5»in under certain conditions and 

? 5*0 cWn. Lastly comes 

^ t < 1 1 li i Ti i. \ y I 

'i-h fias ijoon noted by others 


^ ‘ '***^'''* ^^'at sueb characters as the 

j. ^ ^nycelium, sporulation 

show a marked change 
shape of the spores, 

’-nwiru.i ij,i 

dwt.i'tiu . .MI h.- n,.,.n observed by Jfitter (13) to vary. 
HMhtr.i.u-r-f ,ro imcd m the detmnnation of the 

i'" 1 . J . . . ^ . 


i\? Mir 


i..^ -f U o n* IM n IS uupurtant to exercise great care 


spet 

la doum -.i) 


I !.ii!i ihe ro.--,u!m olnaiiu'd in this work the author 
I'lH'onitiUUid- fbe !ui‘ Hu in the tvlloftiiig decreasing order of 
rniiliihiUt.'i fcr ihi' i‘uUi\Mtion of fungi, Oreen Mulberry 
[Igor, Id'd MudoTc; ,(g;fr, Fhd agar, Lichi agar, Mango agar, 
f?ro\u)V^.{urt b. Kharbuja agar, Water-melon agar, Kakri 
ngiir, fhttpcgraimtf' agar and Fhalsa agar, 

la cruii bi.-iuj} the WfitcM’ acknowledges his indebted- 
nm to th'Mf. .1, li Mitier h.r the suggestion of the problem 
ami guid,jrn>(- and nlsu u> Mr. il. 71. Tandon for bis help and 
mterest in the luvimtigaticn. 
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BUMMAIiY 

1 The eQ'eet of eleven raeiha prepared from file juices of 
fresli fruits rm the gimvtli of four fungi, nutnoiy, specios of Fusarium. 
Macrosporium, Acrothecium and Spicaria has been studied 

2 Best development of almost all tha oharaeters of all the 
four fuEgi IS found on Gieen Mulberry agar and. generailj' the 
second best development is found on Red Mulberry agar. 

3. On the other hand, most fooble development as regards 
all the oharaolers is shown on Pomegranal e agar and Phulsa aga; 
by all the foui fungi The oihir media occupy larious positions 
m the senes with regitrd to the development of various characters 
The standard synthetic rneclimn, Brown'e-staioh is much loss 
favourable to the growth of these fungi wlmn compared to many 
of the media employ cd. 

4 On certain other media as Kharbuja agai, Wiibpr-melon 
agar and Kakn agar a fast rate of linear spread is found as&ooiated 
■with a poor devolopraoot of other charaofnrs It is inferred that 
tha rate of linear growth may not give an indication of the ariiounl 
of growth or the suitability of the medium. This is in agreement 
with the conclusions reached by other workers. 

5 Zonation is found to be produced by a particular strum 
on a particular medium under certain conditions and no general 
conclusions could be based as regards (he formation of BOnes 
either with the mclividual fungi or the media 

6 The nature of the raedimn is found to be more eifoctive 
than its pH-value 

7. Saltations occurred m Fusarium on Rod Mulberry and 
Green Mulberry agara, m Acrothecium on Brown’s-Htarch and in 
8pioaria on Red Mulberry agar. Such oharactor.'’ as the develop- 
ment and colour of the aerial mycelium, aporultdion and siae of 
the spores are found to be markedly different from those of the 
parents. 

8 From the results obtained the author recommends the 
'tn'edia in the following decreasing order of suitability for the 
cultivation of Fungi— Green Mulberry agar, Red Mulberry agar, 
Bel agar Liohi agar Mango agar Brown s-staroh £harbuja agar 
Water-melon agar Kakn agar Pomegranate agar and Phalsn agar 
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EXPLANATION OP PI ATES I 11 and III 

lUustra.m" A. K MAras Papei on Oo.pa.at. e \a],.es of Piuil 
Juioe Media. 


Plats I 

Pig". 1. P moarnatum on Brown’s-sfcarch CuLiiie 1 1 days old 
Pig. 2. P inoaruatuia Parent and Saliant on Red Mnlbeiry 
agar. Ciilt.ure 13 days old. 

Pig 3 P. mearnatnm Parent, and Salt ant on Green Mulberry 
agar. Culture 20 day.s old. 

Pig. 4 Maorosporium on Brown’s-starch. CuParo 11 days old 
B’lg. 5, Macrospoi unn on Red Mnlberry agar Caltuie 11 days 
old. 

Pig, 6. Maerosporiutn on Green Mulberry agar Culture 11 
days old. 

Fig. 7. Maorosporiuna on Wator-melon agar Culture 11 days 
old. 

Fig- 8- Maorosporium on Kakri agar. Culture 1 1 days old. 

Fig. 9. Maoio&porium on Ehurbuja agar. Cull me 11 days old. 
Pig. 10. Maorosporium on Bel agar. Culture Id days old. 

Pig. 11. Maorosporium on Lichi agar. Culture 10 days old 
Fig. 12. Aorothecium on Brown’s-staroh, Parent and Salfanl 
Culture 10 days old. 

Plati!: II 

Fig. 1. Acrotheoium on Kakri agar. Cult lire 5 days old. 

Fig 2 Acrothecium on Khaibnja agar. Culture 10 days old. 

Pig 3. Aorothecium on Bel agar Culture 10 days old. 

Pig. 4, Spicana on BiownVsfcaroh. Culture 11 day.s old. 

Pig, 5. Spioaria on Red Mulberry agar. Parent and Raltant 
Culture 10 days old. 

Fig. 6 Spioaria on Crcen Mulberry agat. Culture 10 dav.s old. 
Pig. 7 Spicana on Kakri agai. Culture It) days old. 

Pig. 8 Spicana on Bel agar. Culture 20 day $ old, 

Pigj 9 Spicana on Mango agai, Culture 20 days old. 

Pig lO SpiOifria on Liohi agar, Oulturo 90 days old. 

P'g 11 Spioaria on Phatsa agar Culture 20 days old. 

F g 12 Spioana on Pomegranate agar Culture 20 days old 
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Plate III 

(All the figures were originally drawn at a magnification of 
about X1600 with the aid of a Oanoera Luoida and have been 
reduced to about Xi) 

Pig. 1 Pusarium inoarnatum. Spores from Various Media 
Pig. 2 Macrosponum Spores from Various Media 
Fig. 3, Spicaria, Spores from Various Media. 

Fig, 4 Acrothecmm. Chlamydospoies from Various Media. 

F‘g. 5 Aorotheoium Spores from Various Media. 

Fig 6. Aorothecmm. Germination of Spores 
Fig 7 Macrosponum. Germination ot a Spore. 

Pig 8 Pusarium. incarnatum. Swollen Plyphae on Various 
Media 



SECTION IV 

PHYSICS 



3N A NEW KIND OF CHARACTERISTIC X-RAYS 


HY 

M N. SAHA 

Prof, hi Plnjit,^, 4Uahabnd Umversity, AUahahad 
Fur Homo tune pn-it, the wnter of the pregeafc note has 
heen tlnokniu; of the possibility of having a new kind of 
charneteri^ne K-r.uB which stand m the same relation to 
the imuai K and L-spectra as complex optical spectra of 
elements stand to Ojitical alkali spectra The K and L- 
Hpectra and otlior usual characteristic X-ray spectra are 
duo to the removal of one electron from any closed shell, 
one! the subsequent filling up of this shell by an electron 
fHun some exmrnal shell according to the rules of quantum 
itierhunies. The alkali-like structure of X-ray spectra is 
duo £0 the oimration of the Pauli principle, according to 
which rklrvt of an electron from a closed shell gives rise 
to the same spectroscopic terms as excess of one electron 
outside a closed sliell. Is it not just possible that m the 
act of bomhaidmeni by the cathode rays, more than one 
eltudron is displaced from one or more shells simultaneous- 
ly? As such phenomena are quite common in the excitation 
of optical spectra by cathode ray bombardment, e.g., in 
Franck and Hertz's experiments, we can expect the same to 
bold good when we bombard the interior of the atom with 
electrons of sufficient energy. Supposing ^now in one act 
of bombardmeat, both electrons m the K-shell are earned 
of what will happen next ? As this state is unstable, two 
filcitrotis will now jump from the L. or higher shell, and 
fill nil the K-level. It can be shown from principles of 
euamam raechanfcs that one of these tranmtiom will 
he allowed, the other disallowed. But* the frequency 
of t ie me or line, emitted wid be appronimately 
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lut- VLiL. V r \ M 
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(K T ) + (Iv T ) ini 1 f! e t \ 111 r M ; 

flonmc thp Rnefi^v of Of'lin?irT K“i;i'li.fti in. I'Aant iinnnia- 
lion allows that tluire wiU ho twn rf'^ul.ir lints 'Pj, 

'P] and tho>e iunv Im b<sinosr\to rorhnblon liuts, 
TlK'f'f' niiiv ho aitiJi’-ftr fcnuip 

corresponding' to Ka, and an intorrno liato i^ruiip mn ^o-^poading 
to Jv 3 ]v ] ^ ' ' ' ” ' P 1 or i\ 5 fv i ^ 1 j o Mj. 

It IS "well knoivn that st-vnral lims iif obsmim on'iin 
appear on the shorter side of K iinis and are krio\cn as 
spark lines. It aiipeared to m<> from srrutmv of osstrng 
literature that two at least of tht^so ‘-■park Irne'i «<• 
are in reality the donhU' transition lines oblaincfl in the 

second order'. Acting on this liypotlic'.rs ! diri'cred iny 
colleagno Prof Hhargava and niv seliular, Mr .1. V>. 

’JiIuktM'jee to try to gt*t thesi* lines We have to cKiiohc nur 
plates at approxirnati'ly half llie \va\(‘length of eo|)pcr K“., 
radiation, and niainLiin the vidtagc at a steady value of 
40000 whicii is a'oaiit doable tlie oxeitution voltage of 
Ka-Hne of copper. When ve developed the [ilate after 
twenty hours’ exposnro a sharp line was founil at the 
expected position unfiressod on a faint coiitinnous back- 
ground. Rough rnGasurements showed that u had a 

wavelength of x 700 X units while tlie valve of x for K« of 
copper IS 1530 X units. The meahured wavoleuKth is 
approximately half the evpected value, Imt the measuronu-nts 
were rough, and as the method of fixed erystals was used, 
there may lie large error.s in the measuromont of the angle. 
Theoretical considerations show that owing to eoiipiing 
phenomena the wavelengths of and 

lines may considerably deviate from the half-value of 
Ka or Kg. The hypothesis of double ionisation and double 
transition, thereby receives good confirmation,. About a 
montji-. previous to this work, working in collaboration 
with Prof. Bhatgava, and Mr, Mukerjee, evidence of 
doub e transition L-spectrnm of tungsten was obtained 
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Bat w !' [iti'-SftiHSP J j^l,g roiiult li|f furt/ifr * 

v^»(i . 

I hfu.' TUt flivsibt t iujt ihn ftlionomciion is f>'{iripr;iK 

iit'lfift' lontf, ’•,\<srh{'rK in this field will ho lookirif^ for fhniijle ^ 

tnnihjfitjn K and L-Hpeetra of a!! elonients, Thi'i survey 

Will tab' rinadi time anti labour, hut when it is fairly done, 

then* 's no doulh that the results will throw a. fiood of h^dd 

on the sirneture of the atom. - i 
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